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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
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Dear Editor,

Coronavirus disease-2019 (COVID-19) was first reported in
Wuhan, China at the end of December 2019 and declared as
a pandemic. COVID-19 is a disease characterized by acute
respiratory failure. COVID-19, which is caused by severe
acute respiratory syndrome coronavirus 2 (a member of the
Coronaviridae family), has spread to the whole world in a short
time due to its rapid transmission from person to person.! New
serious mutations giving rise to increasing virus variants
and fast spread of the virus have raised questions regarding
the efficiacy of vaccines and current treatment methods.
Furthermore, supply, stability, and necessity of administering
drugs and vaccines developed/being developed for a large
number of individuals in a short time brings up a series of
problems on a global scale.

Microneedles (MNs) are drug delivery systems that are
designed in micron size (usually 10-2000 pym in length and 10-
50 pym in diameter) and developed mainly for use in transdermal
treatments. MNs do not cause pain and discomfort and these can

be applied without stimulating the nerve endings by crossing
the stratum corneum. Also, MNs can be used without the need
for any healthcare personnel and are designed as controlled/
extended systems. Moreover, MNs do not require cold chain
for transport. MNs cross the stratum corneum and carry drug
molecules to the dermis layer where vascular and lymphatic
vessels are concentrated.? Then, drug molecules penetrate
lymph or blood capillaries according to their physicochemical
properties and enter systemic circulation. MNs, which were
first developed in 1976 to overcome obstacles faced with
transdermal drug delivery systems, have been designed and
scientifically investigated by various research groups as drug
delivery systems for various drugs, vaccines, genes, and
hormones. On the other hand, parallel to the developments in
microfabrication technologies, studies have been performed to
increase the applicability of MNs in the pharmaceutical field by
obtaining MN types with different designs and characteristics
(solid MN, hollow MN, coated MN, and dissolving MN). Intensive
scientific studies are being performed by researchers to
develop innovative MN systems within the framework of the
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target disease and target molecule to increase potential
advantages of MN.2 Oral drug administration for children is
limited mainly due to the difficulty in swallowing. On the other
hand, the parenteral route of drug administration presents
difficulties for both children and parents. For injecting drugs,
healthcare professionals need to adopt a pedagogical approach.
However, this is not enough to eliminate pain and emotional
trauma that may occur during drug administration. Therefore,
MN designs for children are considered a promising array.
Nowadays, MNs are being investigated as an alternative route
for efficient and painless insulin delivery for the treatment of
type-1 diabetes, which occurs more frequently in childhood.* In
another study, promising results were obtained by using ferric
pyrophosphate-loaded MNs for treating iron deficiency anemia
in children.® In this context, clinical trials are being conducted
on MNs developed for children.®

In recent years, dissolving MNs have attracted more attention of
research groups due to high patient compliance and no residual
biological material after application. MN drug delivery systems
developed using biocompatible and biodegradable polymers as
a basic principle may be used to treat a wide range of diseases.
After insertion into the skin, the polymeric matrix forms MN and
carrying the drug dissolves and releases the drug molecules.
Dissolving MNs also allow modification in release rate and
duration according to the type, structure, and molecular weight
of the polymers used.” There is no physical wound, incision, or
non-biocompatible residual on the skin after the application of
dissolving MNs. Promising results have been reported with MN
arrays prepared using various biodegradable and biocompatible
polymers (such as polylactic acid, hyaluronic acid, poly lactic-co-
glycolic acid, polyvinyl alcohol PVA, and polyvinylpyrrolidone).®
MN systems are also flexible systems that can be modified
using advanced studies and multidisciplinary approaches to
achieve desired design and drug release rate.?

Increasing studies on MN systems in recent years are
considered as a harbinger and it is possible that MN systems
will be more widely used as drug/vaccine carriers in the near
future. It is known that MN vaccination, which was developed
especially for influenza immunization and evaluated clinically,
is a milestone in this field and has been studied intensively over
the last decade.’” During the COVID-19 pandemic, the necessity
of fast, efficient, stable, easily applicable, and result-oriented
systems that do not require compelling storage conditions has
again come to the fore. It should not be overlooked that one of
the possible global solutions with important advantages in this
sense is MN systems.

The COVID-19 pandemic has brought about a large global
production and logistics problem in the healthcare field. The
production, stability, efficacy, and safety of many sensitive
medical materials, such as medicines and vaccines, as well
as their rapid and large-scale applications, pose serious
difficulties for both healthcare institutions and governments.

Developed vaccine technologies incur more additional costs
than drugs. The biggest problem encountered with vaccines
today is the lack of healthcare personnels during the use,
storage, and transportation of vaccines. Residues such as
needles and injectors result in social, environmental, and
institutional problems. Therefore, soluble MN systems, which
are biodegradable, have the potential to prevent such problems.
Being mechanically durable, not requiring any healthcare
personnel during application, and being easy to apply without
pain are the biggest advantages of MN systems in this field.
Studies suggest that MNs can provide controlled/extended
release without causing toxicity in the body due to their
biocompatible polymeric structure and that it can maintain the
immune response for a longer time in vaccine applications.

Biocompatible and biodegradable material-based drug/
vaccine carrier MNs are among the most important candidates
in the pharmaceutical and vaccine industry in terms of their
advantages, such as logistics, storage, stability, and ease of
use. For all these reasons, MN technologies should be further
studied and exploited for their use in the treatment of COVID-19.
Developments and studies in the field of MNs should be followed
closely. Vaccines are important in the prevention of epidemic
diseases. Considering the fact that we are facing a pandemic,
quick and reliable distribution is of great importance to enable
widespread use of vaccines. Based on ongoing studies and
acquired knowledge in this field, MN-based soluble COVID-19
vaccines are suggested to be promising.

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

Objectives: Coronavirus disease-2019 (COVID-19)-related cases and deaths are ongoing throughout the world, but there is still no effective drug
in its treatment, and the vaccine supply is not adequate for the global population. It is important that pharmacists have sufficient knowledge and
awareness to prevent and control the disease. COVID-19 has been widely covered in the media, which has been a source widely used by healthcare
professionals. This study aimed to assess the knowledge, attitudes, and impressions of community pharmacists about COVID-19 and the factors
affecting them.

Materials and Methods: The questions in this survey were formed using the guideline created by the World Health Organization, a guide composed
by the Turkish COVID-19 Scholarly Commission, and data disclosed to the public on the website of the Ministry of Health. The questionnaire was
designed with Google forms and then applied to community pharmacists all over Turkey by sharing the survey link.

Results: Analyses of 393 questionnaires showed that Ministry of Health/government statements, the internet (scientific sources), and the media
were the preferred sources of information (96.7%, 89.6%, and 84%, respectively). “Ways to avoid COVID-19" was the most searched title (96.9%). It
was determined that the names of the two drugs most frequently mentioned by the participants to be used in the treatment of COVID-19 in Turkey
were hydroxychloroquine and azithromycin (57.5%; 50.1%, respectively). Participants who received information from the media gave less education
to patients/customers on personal protection measures against COVID-19 (83.3%) and symptoms of COVID-19 (78.8%); however, their behavior
regarding the training of pharmacy personnel was found to be the opposite. It has been determined that about half of the participants (46.6%) mostly
trust the Ministry of Health regarding the COVID-19 pandemic.

Conclusion: Media and other sources influence the knowledge, behavior and impressions of pharmacists’. Having a high level of knowledge
positively affects people’s behavior. It is important for pharmacists to have accurate information about COVID-19 and to transfer their knowledge to
the community to provide patient education and to prevent/control the spread of COVID-19.

Key words: COVID-19, pandemic, community pharmacists, knowledge, attitude

(O Z |

Amag: Koronavirls hastaligi-2019 (COVID-19) kaynakli olgular ve odlimler dinya gapinda devam etmekte ancak hala etkili bir asi ve ilag
bulunmamaktadir. Salgin strecinde 6nemli rol oynayan eczacilarin, yeterli bilgi ve farkindaliga sahip olmalari hastaligin 6nlenmesi ve kontrolu
igin 6nemlidir. COVID-19 medyada genis yer bulmakla birlikte medya, saglik uzmanlari tarafindan yaygin olarak kullanilan bir kaynak olmustur. Bu
calisma, serbest eczacilarin COVID-19 hakkindaki bilgi, tutum ve izlenimlerini ve bunu etkileyen faktérleri degerlendirmeyi amaglamaktadir.

Gereg ve Yontemler: Bu anketteki sorular, Diinya Saglik Orgutii tarafindan olusturulan kilavuz, Tarkiye COVID-19 Bilim Kurulu'nun olusturdugu
COVID-19 kilavuzu ve Saglik Bakanligi internet sitesinde agiklanan veriler kullanilarak olusturulmustur. Anket Google form tGzerinde olusturuldu ve
ardindan anketin linki paylasilarak Turkiye'nin dért bir yanindaki serbest eczacilara uyguland.
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Bulgular: Ug yiiz doksan (¢ anketin analizi Saglik Bakanligi/hikiimet agiklamalari, internet (bilimsel kaynaklar) ve medyanin bilgi almak icin en
cok tercih edilen kaynak (sirasiyla; %96,7; %89,6 ve %84) oldugunu géstermistir. Katilimcilar tarafindan en ¢ok aranan basligin “COVID-19'a karsi
korunma yollar1” oldugu bulunmustur (%96,9). Turkiye'de COVID-19 tedavisinde kullanim igin katiimcilar tarafindan en gok yazilan iki ilacin adinin
hidroksiklorokin ve azitromisin (sirasiyla; %57,5; %50,1) oldugu tespit edilmistir. Medyadan bilgi alan katiimcilarin hastalara/miisterilere COVID-
19'a karsi kisisel korunma dnlemleri (%83,3) ve COVID-19 semptomlari (%78,8) konusunda daha az egitim verdigi; ancak eczane personelinin
yetistirilmesi konusundaki davranislarinin bunun tam tersi oldugu gorilmustir. COVID-19 salgin sureci ile ilgili olarak katilimcilarin yaklasik yarisinin

(%46,6) en gok T.C. Saglik Bakanligi'na giivendigi tespit edilmistir.

Sonug: Medya ve diger kaynaklar eczacilarin bilgi, davranis ve izlenimlerini etkilemektedir. YUksek diizeyde bilgi sahibi olmak, insanlarin davranislarini
olumlu yénde etkilemektedir. Eczacilarin COVID-19 hakkinda dogru bilgiye sahip olmalari ve edindikleri bilgileri topluma aktarmalari ve COVID-19'un
yayillmasini dnlemek ve kontrol altina almak igin hasta egitimi vermeleri énemlidir.

Anahtar kelimeler: COVID-19, pandemi, serbest eczacilar, bilgi, tutum

INTRODUCTION

In December 2019, the pathogen named as the novel coronavirus
caused an outbreak of Coronavirus disease-2019 (COVID-19) in
Wuhan, Hubei Province, China! The virus was highly infectious,
spreading rapidly via human-to-human transmission.?
Consequently, COVID-19 spread rapidly from the first epicenter,
the city of Wuhan, into neighboring countries and was declared
a global pandemic by the World Health Organization (WHO). The
pathogen was then renamed novel severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2).23

Common signs of SARS-CoV-2 infection include respiratory
symptoms, fever, cough, shortness of breath, and breathing
difficulties. In more severe cases, infection can cause
pneumonia, SARS, organ failure, and even death.! As of October
20" 2020, SARS-CoV-2 had caused 40,693,256 infections and
1,123,596 deaths worldwide, and there were still no effective
vaccine products or drugs to prevent and treat COVID-19
infection.* (https://www.worldometers.info/coronavirus/?utm_
campaign = homeAdvegas1?#countries).

Pharmacists have always been the initial point of contact for
healthcare delivery and have played important roles during
pandemics and viral epidemics. These comprise vaccination,
drug delivery, health training, and supplying direct patient care
in the case of extraordinary circumstances, such as throughout
the HIN1 pandemic.3® In addition, it was determined that cases
with suspected COVID-19 applied to nearby health centers,
such as pharmacies, for medical assistance.” For this reason,
to prevent and control the disease, it is vital that sufficient
knowledge and awareness be created among pharmacists about
the pandemic and that the factors directing their perceptions
and behaviors be identified.®

Since the first day of the outbreak, COVID-19 has been widely
covered in the news media, press, and social media.® It has been
observed that the media assists both healthcare professionals
and the general public in acquiring information to improve their
knowledge, awareness, and implementation.” The media also
plays an important part in communication among investigators,
scientists, general health experts, and funding organizations for
an efficient and swift global response.’® This research aimed to
assess the knowledge and attitudes of community pharmacists
about COVID-19 and the role of the media and other factors

in shaping pharmacists’ knowledge, perception, and attitudes
during the COVID-19 pandemic.

MATERIALS AND METHODS

This is a cross-sectional study based on a self-report
questionnaire. The study was conducted between May 2020
and July 2020 during the quarantine period. As it was not
feasible to conduct a population-based survey at that time, a
guestionnaire was designed on Google forms, and a link was
shared using social media applications to invite community
pharmacists from all over Turkey to participate in the study.
Prior to their participation, pharmacists were given information
about the aim and description of the study and informed that
their attendance would be anonymous and voluntary, and that
their data will be treated as confidential. The mean completion
duration of the questionnaire was 13 minutes. Ethical approval
to conduct the study was obtained from Acibadem Mehmet
Ali Aydinlar University and Acibadem Healthcare Institutions
Medical Research Ethics Committee (reference number: 2020-
15/18). All procedures performed in the study involving human
participants followed the ethical standards of the institutional
research committee and the 1964 Helsinki Declaration.

The questions in this survey were formed using the guideline
[Survey tool and guidance: Behavioral insights on COVID-19
(2020)] created by the WHO, a guide (COVID-19 Guide)
composed by the Turkish COVID-19 Scholarly Commission, and
the COVID-19 data made public on the Ministry of Health internet
site.  (https://hsgm.saglik.gov.tr/tr/bulasici-hastaliklar/2019-
n-cov.html). The participants’ names and surnames were
not included in the survey, and the data were collected
anonymously. Age, gender, education level, years of experience
in the profession, and location and city of their pharmacy were
collected as demographic data. The names of the medications
that are being used in Turkey for the treatment of COVID-19 were
requested to gain an understanding of participants’ interest in
the treatment of COVID-19 (open-ended, no-option questions).
Twenty-nine other multiple-choice questions were about
information resources, knowledge, opinions, impressions, and
behaviors regarding COVID-19. Participants were instructed to
choose a single reply for 9 questions on the questionnaire and
multiple replies for the other 14 questions. The questionnaire
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also included six true/false questions. For each question, the
option “other” was presented as an option, and if this option
was selected, an explanation was expected. A total of 26,759
community pharmacists are available in Turkey. (https://dergi.
tebeczane.net/public_html/kitaplar/bilgilendirmekitapcigi/
html5/index.htm|?&locale=TRK&pn = 21). The sample size was
calculated as 379 participants with a 95% confidence level and
5% margin of error.

Statistical analysis

Analysis was performed using SPSS version 22.0 (Armonk, NY;
IBM Corp.). All data were considered statistically significant at
p<0.05 and with a 95% confidence interval. Percentage, mean
with standard deviation, median, and minimum-maximum were
used for descriptive data. Chi-square tests were used in the
analysis of categorical data.

RESULTS

A total of 393 pharmacists participated in this research. The
majority of the participants were female (n=262, 66.7%),
and their ages varied from 30 to 39 (n=139, 35.3%). In all,
68.7% (n=270) of the pharmacies were outside of Istanbul.
Demographic characteristics of the participants are presented
in Table 1.

In all, 58.5% (n=230) of participants declared that the origin of
the infection is not known definitively, and 66.9% (n=263) of
participants stated that the incubation period of COVID-19 is 14
days (Table 2). In all, 62.8% (n=247) of participants expressed
that COVID-19 is a vaccine-preventable disease (Table 3), and
38.7% (n=152) of participants specified that a vaccine will be
found within 6-12 months and that it will accelerate the end of
the pandemic (Table 4).

Nearly all the participants obtained their information from
Ministry of Health/government statements (n=380, 96.7%).
The internet (scientific sources) was the second most popular
source (n=352, 89.6%), and the media was the third most
popular source (n=330, 84%) (Table 5). “Ways to be protected
against COVID-19” was the most searched title (n=381, 96.9%).
In all, 89.3% (n=351) of participants declared that they had made
arrangement(s) in their pharmacies to maintain a physical
distance of at least 1-2 m between patients. In all, 77.9% (n=306)
of participants had given training to pharmacy staff, and 68.4%
(n=269) of the participants had given training to patients/
customers about COVID-19 (Table 5).

Participants’ knowledge and behaviors toward COVID-19
infection were evaluated in accordance with the first three
most preferred sources from which they obtained information

Table 1. Demographic characteristics of the participants

Parameters n (%)
Female 262 (66.7)
Gender
Male 131(33.3)
20-29 years 82 (20.9)
30-39 years 139 (35.3)
Age 40-49 years 90 (22.9)
50-59 years 71 (181
260 years 11(2.8)
License 291 (74)
Education level Master's degree 86 (21.9)
PhD 16 (41
{5 years 98 (25)
5-10 years 41 (10.4)
Professional experience duration
11-20 years 120 (30.5)
>20 years 134 (34.1)
District pharmacy 141 (35.9)
Opposite the health center 157 (39.9)
Location of the pharmacy
Opposite the hospital 78 (19.8)
Bazaar pharmacy 17 (4.4)
istanbul 123 (31.3)
City where the pharmacy is located -
Out of Istanbul 270 (68.7)
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about COVID-19 infection and statistically significant results e Their knowledge about airborne transmission of the infection
were obtained only for the issues specified below. (84.5% and 61.5%, respectively; p=0.028); their knowledge
about transmission of the infection through surface contact
(95.8% and 76.9%, respectively; p=0.002);

e Their perception that the health of people over 60 years will
be the most adversely affected if they are infected with

When the behaviors of the pharmacists “who received
information from Ministry of Health/government declarations”

and “those who did not” were compared, statistically significant

differences were determined in the following: COVID-19 (93.4% and 76.9%, respectively; p=0.023);
e Their faith in the prOteCtiOn from COVID-19 offered by the e Their belief that Covering the mouth and nose with a
use of a surgical mask (88.4% and 69.2%, respectively disposable tissue would protect against the infection
p=0.038); (27.6% and 61.5%, respectively; p=0.008);
Table 2. Knowledge questions about COVID-19 disease
Questions Answers* n (%)
It is not known clearly 230 (58.5)
Bats 86 (21.9)
What is the original source of the infection?
Humans 34 (8.7
Other (artificial-produced in the laboratory) 43 (10.9)
2-4 days 104 (26.5)
How long is the incubation period of COVID-197 14 days 263 (66.9)
15-28 days 26 (6.6)
0-1% 25(6.4)
11-5% 278 (70.7)
What is the mortality rate from COVID-197 51-10% 78 (19.8)
10.1-25% 503
>25% 7(1.8)
Only those who are sick should wear a mask 17 (4.3)
Everyone in society should wear a mask 372 (94.7)
In your opinion, which of the following is the most correct
approach about using masks? Only healthcare professionals should wear a mask 1(0.3)

Only people in the risk group (over 60 years,

pregnant, etc.) should wear a mask 308

20 seconds 244 (62.1)
At least how many seconds should hands be washed with 30 seconds 90 (22.9)
soap and water? 45 seconds 30 (7.6)

1 minute 29 (1.4)

*Only one option was chosen. COVID-19: Coronavirus disease-2019

Table 3. The approach of the participants to true-false knowledge questions about the COVID-19

Proposal True, n (%) False, n (%)
Alcohol-based hand sanitizer compensates for washing hands with soap and water 154 (39.2) 239 (60.8)
Soap used to protect against COVID-19 must contain antiseptic 35(8.9) 358 (91D
There is a possibility of transmission of SARS-CoV-2 infection from products from China 204 (51.9) 189 (48.1)
COVID-19 is a vaccine-preventable disease 247 (62.8) 146 (37.2)

Once the person with the COVID-19 infection recovers, they are immune and will not be able to become

infected with COVID-19 again 82209 3o

Even if COVID-19 is treated successfully, it leaves sequelae in patients 270 (68.7) 123 (31.3)

COVID-19: Coronavirus disease-2019, SARS-CoV-2: Severe acute respiratory syndrome-coronavirus 2
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Table 4. The participants’ impressions on the COVID-19 pandemic process

Questions Answers* n (%)
When the air temperature rises 4(1.0)
Within 1-2 months 4 (1.0)
Within 6-12 months 90 (22.9)
Within 1-2 years 178 (45.3)
When do you think the pandemic will end?
Within 2-5 years 82 (20.9)
Within 5-10 years 4(1.0)
After 10 years 1(0.3)
It will not end 30 (7.6)
| think the vaccine will be found within 6 months, and it will accelerate the
. 38 (9.7)
end of the pandemic
| think the vaccine will be found within 6 months, but it will not affect the 18 4.6)

course of the pandemic

Which of the following best describes your | think the vaccine will be found within 6-12 months and it will accelerate

thoughts about the COVID-19 vaccine? the end of the pandemic 152 (38.7)

| think the vaccine will be found within 6-12 months, but it will not affect the

course of the pandemic 4000.2
| think the vaccine will not be found within 12 months 140 (35.6)
Vaccine found but not given 501.3)
T.C. Ministry of Health 183 (46.6)
Which of the following institutions do you trust World Health Organization 112 (28.5)
the most regarding the COVID-19 pandemic U.S. Food & Drug Administration 57 (6.9)
process?
Turkish Pharmacists’ Association 8(2)
International Pharmaceutical Federation 63 (16)
<10% 27 (6.9)
10-50% 92 (23.4)
50-75% 115 (29.3)
75-99% 53 (13.5)
*Only one option was chosen. COVID-19: Coronavirus disease-2019
e Their use of behavioral practices to protect themselves e Their behavioral practice of researching information

regarding patient education concerning COVID-19 (79%
and 53.7%, respectively p=0.000);

e Their behavioral practice of using a mask while traveling

against COVID-19 by pouring disinfectant and/or cologne
on their hands frequently (94.2% and 76.9%, respectively;
p=0.012); washing/wiping everything bought from the

outside before bringing it into the home (68.2% and 38.5%,
respectively; p=0.025); and not going places such as the
market unless absolutely necessary (95% and 76.9%,
respectively; p=0.005);

(87.5% and 73.2%, respectively; p=0.012); in crowded
environments (100% and 85.4%, respectively p=0.000);
while working (95.5% and 68.3%, respectively p=0.000);
while wandering the street (90.6% and 56.1%, respectively

p=0.000); on public transport (991% and 85.4%,
respectively p=0.000); whenever leaving home (75% and
41.5%, respectively p=0.000); and all the time (49.7% and
41.5%, respectively p=0.000);

e Their knowledge about transmission of the infection through
shaking hands (94.6% and 85.4%, respectively; p=0.002);
through sexual intercourse (52% and 34.1%, respectively;
p=0.031); and from mother to baby during childbirth (58.2%
and 36.6%, respectively; p=0.008);

e Their use of behavioral practices to protect against the
infection and prevent its spread by putting a plastic shield
in front of the existing distribution area in the pharmacy
(65.8% and 38.5%, respectively; p=0.042).

When the behaviors of the pharmacists “who used the internet
(scientific sources) as an information resource” and “those who
did not” were compared, statistically significant differences
were determined in the following:
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Table 5. Knowledge and attitude questions about COVID-19 disease

Questions Answers* n (%)
Media (TV, newspaper, magazine) 330 (84)
Internet (non-scientific sources) 165 (42)
Internet (scientific sources) 352 (89.6)
From which sources do you get information about COVID-197 Social media 283 (72)
Training sessions/scientific meetings 255 (64.9)
Friends/family 230 (58.5)
Ministry of Health/government statements 380 (96.7)
Symptoms of COVID-19 368 (93.6)
Scientific progresses regarding COVID-19 vaccine 266 (67.7)
Which topics are you researching regarding COVID-197 Scientific progresses regarding COVID-19 treatment 353 (89.8)
Patient education 300 (76.3)
Ways to be protected against COVID-19 381(96.9)
| use a mask while traveling 338 (86)
| use a mask when in crowded environments 387 (98.5)
' ' o | use a mask while at work 364 (92.6)
Igov\\;rlsc_:w;i) of the following situations do you use a mask for | use a mask while wandering the street 342 (87)
| use a mask in public transport 384 (97.7)
| use a mask every time | leave home 281(71.5)
| use a mask all the time 192 (48.9)
Fabric mask 43 (10.9)
Surgical mask 345 (87.8)
Which(s) of the following do you use to protect yourself from N95 mask 125 (31.8)
COVID-19 during working hours in the pharmacy? Face shield 168 (42.7)
Glasses 143 (36.4)
Glove 154 (39.2)
It is transmitted by airborne 329 (83.7)
Kissing 393 (100)
Shaking hands 368 (93.6)
In which way(s) is COVID-19 transmitted? Surface contact 374 (95.2)
It is transmitted by blood 195 (49.6)
During sexual intercourse 197 (50.)
From mother to baby during childbirth 220 (56)
Fever 393 (100)
Cough 392 (99.7)
Dyspnea 390 (99.2)
Pneumonia 324 (82.4)
Runny nose 122 (31
What are the symptom(s) of COVID-19? Kidney failure 68 (17.3)
Diarrhea 326 (83)
Bleeding 45 (11.9)
Sudden loss of consciousness 108 (27.5)
Asymptomatic 296 (75.3)

Headache 328 (83.5)
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Table 5.continued

Questions Answers* n (%)
People over 60 years 365 (92.9)
E;szfe\;vsitiP;ns'edriiaogjest;::ronic diseases such as 380 (96.7)
In case of infection with COVID-19, which person(s)’ health will be Children 67 an
affected most negatively? Pregnant women 219 (55.7)
Young adults 33(8.4)
Health workers 198 (50.4)
Other 4D
Washing hands with soap and water 393 (100)
Avoiding contact with sick people 390 (99.2)
Using hand sanitizer 375 (95.4)
Using a N95 mask 96 (24.4)
Which should be applied to protect from COVID-19? Using a surgical mask 380 (96.7)
Wearing protective clothing 104 (26.5)
Wearing protective glasses 177 (45)
Covering the mouth and nose with a disposable tissue 113 (28.8)
Using medical gloves 14 (29)
| wash my hands more often than ever 376 (95.7)
| frequently pour disinfectant and/or cologne on my hands 368 (93.6)
Lct)lrj);;o touch less frequently surfaces where other people 389 (99)
| take a bath everyday 267 (67.9)
What behaviors do you implement to protect against COVID-19? 'p‘::f;g/ }’tvizehzvr:;ythi”g I bought from the outside before . (o7 5,
| try to stay away from people who are coughing/sneezing 390 (99.2)
E;(ctsztr;c;rrlf:tmpulsory situations, | do not go places such 371 (94.4)
| reduce my use of public transport 378 (96.2)
| use vitamin supplements 320 (81.4)
Rinsing the nose with saline 125 (31.8)
Using vinegar 98 (24.9)
Consuming ginger 111 (28.2)
Which can prevent COVID-197 Consuming turmeric 17 (298)
Consuming echinacea 145 (36.9)
Consuming vitamin C 345 (87.8)
Consuming vitamin D 330 (84)
| change the apron | wear in the pharmacy every day 176 (44.8)
Iafézciidtsep:’ahsat:nzr;i;ld in front of the existing distribution 255 (64.9)
| made arrangement'(s) to keep a distance of at least 1-2 351 (89.3)
To protect against COVID-19 and prevent its spread, which(s) of the mete.rs‘ between patients -
precautions do you apply in your pharmacy? We d|smfecf the drugs coming from the drug storage 98 (24.9)
before placing them on the shelves
s\r:taerr;aaccyhciajiiztr/customer, we wipe and disinfect the 53 (56.7)
After serving each patient/customer, we disinfect our 337 (85.8)

hands with an alcohol-based solution
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Table 5.continued

Questions Answers* n (%)
| did not give training 87 (22.1)
| gave training on personal protection precautions against
COVID-19 351(89.3)

i ini 197

Have you given training to your pharmacy staff about the COVID-197 | gave training on the correct use of masks 300 (814)
| gave training on COVID-19 transmission routes 332 (84.5)
| gave training about the symptoms of COVID-19 infection 329 (83.7)
| did not give training 124 (31.6)
Icgoayl%tqgmmg on personal protection precautions against 334 (85)

Have you given training to your patients/customers about the -

COVvID-19? | gave training on the correct use of masks 326 (83)
| gave training on COVID-19 transmission routes 315 (80.2)
| gave training about the symptoms of COVID-19 infection 318 (80.9)

*More than one option was chosen. COVID-19: Coronavirus disease-2019

e Their knowledge about symptoms of the infection is as
follows: pneumonia (87.3% and 70%, respectively; p=0.00);

e Their knowledge about people whose health will be most
adversely affected if infected with COVID-19 is as follows:
Young adults (9.4% and 0%, respectively; p=0.041);

e Their belief in protecting against COVID-19 by using hand
sanitizer (96.6% and 85.4%, respectively; p=0.001);

e Their behaviors protecting against COVID-19 by pouring
disinfectant and/or cologne on their hands frequently
(95.5% and 78%, respectively; p=0.000); trying to
touch less often where others touch (99.4% and 95.1%,
respectively; p=0.009); having a bath everyday (70.2% and
48.8%, respectively; p=0.005);

e Their knowledge on interception of the infection with
using vinegar (22.7% and 43.9%, respectively; p=0.003);
consuming ginger (259% and 48.8%, respectively;
p=0.000); consuming echinacea (33.5% and 65.9%,
respectively; p=0.000);

e Their behavioral practices to protect themselves from the
infection and prevent its spread by disinfecting their hands
with an alcohol-based solution after serving each patient/
customer (87.2% and 73.2%, respectively; p=0.015);

e Theirbehavioralpracticesintraining pharmacy staff regarding
personal protection precautions against COVID-19 (91.5%
and 70.7%, respectively; p=0.000); regarding correct
use of masks (84.1% and 58.5%, respectively; p=0.000);
and regarding COVID-19 transmission routes (86.6% and
65.9%, respectively; p=0.001);

e Their behavioral practices in training patients/customers
regarding the correct use of masks (84.9% and 65.9%,

respectively; p=0.002); regarding symptoms of COVID-19
infection (82.4% and 68.3%, respectively; p=0.030).

When the behaviors of the pharmacists “who received
information through the media” and “those who did not” were

compared, statistically significant differences were detected in
the following:

e Their attitudes in researching information regarding
patient education concerning COVID-19 (73% and 93.7%,
respectively p=0.000);

e Their behavior in using a mask while working (93.9% and
85.7%, respectively p=0.022);

e Their faith in protection from COVID-19 by fabric mask use
(12.7% and 1.6%, respectively p=0.009) and by surgery
mask use (89.4% and 79.4%, respectively p=0.026);

e Their knowledge on transmission of the infection via surface
contact (96.4% and 88.9%, respectively; p=0.011); through
sexual intercourse (46.4% and 69.8%, respectively;
p=0.001);

e Their knowledge on the symptoms of COVID-19 is as
follows: bleeding (8.8% and 25.4%, respectively; p=0.014);
headache (81.5% and 93.7%, respectively; p=0.018);

e Their knowledge about people whose health will be most
adversely affected if they are infected with COVID-19
is as follows: People over 60 years (94.2% and 85.7%,
respectively; p=0.016); young adults (6.4% and 19%,
respectively; p=0.001);

e Their belief in protecting against the infection by using an
N95 mask (27% and 11.1%, respectively; p=0.007);

e Their behaviors in protecting against COVID-19 by washing
hands more than ever (97% and 88.9%, respectively;
p=0.004); by pouring disinfectant and/or cologne on
their hands frequently (94.8% and 87.3%, respectively;
p=0.025); trying out to touch less often where others
touch (99.4% and 95.1%, respectively; p=0.009); washing/
wiping everything bought from the outside before bringing
it into the home (69.4% and 55.6%, respectively; p=0.032);
reducing the use of public transport (97.9% and 87.3%,
respectively; p=0.000);
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e Their knowledge on interception of the infection by rinsing
the nose with saline (35.2% and 14.3%, respectively;
p=0.001); using vinegar (28.8% and 4.8%, respectively;
p=0.000); and consuming turmeric (31.8% and 19%,
respectively; p=0.042);

e Their behavioral practices in protecting themselves from the
infection and preventing its spread by changing the apron
they wear in the pharmacy every day (48.2% and 27%,
respectively; p=0.002);

e Their behavioral practices in training pharmacy staff
regarding COVID-19 transmission routes (87% and 71.4%,
respectively; p=0.002); regarding symptoms of COVID-19
infection (85.8% and 73%, respectively; p=0.012);

e Their behavioral practices in training patients/customers
regarding personal protection precautions against
COVID-19 (83.3% and 93.7%, respectively; p=0.036);
regarding correct use of masks (80.9% and 93.7%,
respectively; p=0.014); regarding symptoms of COVID-19
infection (78.8% and 92.1%, respectively; p=0.014).

Participants were asked to write the names of three drugs
that were being used for the treatment of COVID-19 in Turkey.
Hydroxychloroquine (n=226, 57.5%) was the most widely

Table 6. Participants’ responses regarding the names of drugs
used in the treatment of COVID-19

Name of the drug n (%)

| do not know 38 (9.8%)

Hydroxychloroquine 226 (57.5%)

Azithromycin 197 (50.1%)

Oseltamivir 166 (42.2%)
Favipiravir 87 (22.1%)
Enoxaparin 76 (19.3%)
Paracetamol 72 (18.3%)

Clarithromycin 43 (10.9%)

Tocilizumab 42 (10.7%)
Vitamin C 35 (8.9%)
Ritonavir + lopinavir 33 (8.4%)
Ritonavir 21 (5.3%)
Remdesivir 15 (3.8%)
Vitamin D 15 (3.8%)
Doxycycline 12 (31%)
Acetylcysteine 9 (2.3%)
Ivermectin 3(.8%)
Heparin 3 (.8%)
Gemifloxacin 3 (.8%)
Diosmin + hesperidin 2 (5%)

COVID-19: Coronavirus disease-2019

mentioned drug. In the second place, azithromycin (n=197,
50.1%) was the most often named drug, followed by oseltamivir
(n=166, 42.2%). In all, 9.8% (n=38) of the participants declared
that they did not know the name of the drug (Table 6).

DISCUSSION

This study aimed to evaluate the knowledge and attitudes of
community pharmacists about COVID-19 and the role of the
media and other factors in shaping pharmacists’ knowledge,
perception, and attitudes during the COVID-19 pandemic.

Community pharmacists have always been the most accessible
healthcare providers. The fact that they continue to ensure
direct patient care despite restrictions implemented by the
government because of the pandemic is another indication
of this.’? Community pharmacists have fulfilled a variety
of responsibilities in sustaining the health system during
COVID-19: Administering medication to patients, training
patients, evaluating patients for renewal of chronic medication
prescriptions, conducting counseling on minor illnesses,
explaining misunderstandings about COVID-19 treatments,
creating community cognizance regarding COVID-19, prevention
methods, risk elements, signs, and symptoms!2™ Although
these services vary among pharmacists, there is a relationship
between the resources used and the knowledge, attitudes, and
perceptions of the pharmacists about COVID-19 disease and
treatment.”?

In this study, it was determined that the participants generally
preferred to obtain information from Ministry of Health/
government statements, the internet (scientific sources), and
the media. It was identified that the resource from which the
participants ascertained information about COVID-19 and
related topics has a significant impact on their knowledge and
behaviors toward COVID-19 disease.

Pharmacists who used the internet (scientific sources) as an
information resource had the correct approaches, particularly
in terms of behaviors that offered protection from the disease
(such as trying to touch less often where others touch, pouring
disinfectant, and/or cologne on their hands frequently, using a
mask on public transport, using a mask while traveling, working,
wandering the street, using a mask in populous places). The
pharmacists that obtained information from Ministry of Health/
government statements also had the correct approaches to
protection from the infection (such as pouring disinfectant and/
or cologne on their hands frequently, not going places such as
the market except when absolutely necessary, using a surgical
mask). The participants that obtained information from media
also had the correct approaches to protection from the illness
(such as washing hands more than usual, pouring disinfectant
and/or cologne on their hands frequently, trying to touch less
often where others touch, reducing the use of public transport,
using a mask while working, using a surgical mask). However,
the participants that obtained information from the household/
peers had incorrect approaches, chiefly in prevention of the
infection (such as using vinegar, consuming turmeric).

Similar results to our findings were found in a study conducted
to assess knowledge and attitudes of hospital pharmacists
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about COVID-19. It was determined that the information resource
from which the participants learned about COVID-19 and related
information has a significant impact on their knowledge and
behaviors toward COVID-19 disease. In addition, pharmacists
that obtained information from the internet (scientific sources)
had the correct approaches, whereas participants that obtained
info from the household/peers had incorrect approaches,
chiefly regarding interception of the illness.™

The participants that obtained their information from the
internet (non-scientific sources) had incorrect approaches,
particularly with respect to contamination by the infection (such
as via blood), interception of the illness (such as consuming
turmeric), and protection against the disease (such as
eyeglasses and glove use). However, WHO declared that there
is no scientific evidence that consuming turmeric prevents
COVID-19 (https://www.who.int/southeastasia/outbreaks-
and-emergencies/novel-coronavirus-2019/fact-or-fiction). In
addition, WHO does not recommend using gloves. The wearing
of gloves may increase the risk of infection, since it can lead
to self-contamination or transmission to others when touching
contaminated surfaces and then the face (https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/question-and-
answers-hub/q-a-detail/g-a-on-covid-19-and-masks).

Some misleading information, such as washing the nose with
saline or consuming it has been recommended by some doctors
or certain leading people on television programs in Turkey.
Although these explanations were objected to and corrected by
other doctors and professionals, the fact that some pharmacists
preferred these applications (especially washing the nose with
saline) reveals the powerful effect of the press.

In this study it was also found that the participants’ attitudes
differed according to the sources from which they learned
about COVID-19.

It was determined that the participants who received
information from social media gave less training to pharmacy
staff and patients/customers about personal protection
measures against COVID-19, correct use of masks, modes
of COVID-19 transmission, and COVID-19 symptoms. It was
determined that participants who received information from the
media provided less training to patients/customers on personal
protection measures against COVID-19, correct use of masks,
and COVID-19 symptoms; however, it was observed that their
behavior in training pharmacy staff was just the opposite of
this. On the other hand, it was determined that participants who
used the internet (scientific sources) and obtained information
from educational/scientific meetings provided more education
both to pharmacy staff and to patients/customers about personal
protection measures against COVID-19, correct use of masks,
modes of COVID-19 transmission, and COVID-19 symptoms.

Although there is no vaccine application as of yet, many vaccine
studies are in progress, and it is hoped that COVID-19 will be
prevented by vaccination in the future."® Even though no vaccine
is available at present, more than half of the pharmacists in
this study expressed that vaccination can prevent COVID-19,
which might be owing to extrapolation of the knowledge

of other flu-like viral diseases. Most of the participants also
stated that a vaccine will be developed within 6-12 months, and
it will accelerate the end of the pandemic. On the other hand,
84.2% of participants stated that a drug being developed for the
treatment of COVID-19 will reduce death rates due to COVID-19,
whereas 73.5% of participants believed that the drug can be put
up for sale without sufficient clinical studies. Many medications
are being tested for the treatment of COVID-19, and the effects
of these medications have been proven by some observational
studies!®” Some of these medications are antiretroviral drugs.
In this study, more than half of the pharmacists were aware of
this information.

Even though no medication has been discovered for the
treatment of COVID-19 as yet, nearly all of the participants
stated the names of drugs that are being used in Turkey for the
treatment of COVID-19. Thus, it is understood that nearly all the
participants are aware of the drugs currently being used for
the treatment of COVID-19, whereas it is seen that 9.8% of the
participants have no interest in this issue.

In this study it was also determined that approximately half
of the participants trust the T.C. Ministry of Health the most
regarding the COVID-19 pandemic process, followed by the WHO
in second place. Most of the participants stated that their level
of trust in the source(s) from which they obtain information
about COVID-19 was between 50% and 75%.

Study limitations

This study has several limitations. The study participants were
only recruited from Turkey; therefore, this study only reflects the
attitudes and behaviors of community pharmacists in Turkey.
The participants in this study were only a part of community
pharmacists, and for this reason, the generalizability of the
study sample may be limited. However, the study participants
were from different cities in Turkey, and this constitutes
one of the strengths of the study. Although the study results
reflect pharmacists’ answers from all over Turkey, not only a
part of Turkey, to gain a better understanding of community
pharmacists’ knowledge, attitudes, and impressions about
COVID-19, a wider-scale study should be performed.

CONCLUSION

The media and other sources used to obtain information affect
pharmacists’ knowledge, behavior, and impressions. Having a
high level of knowledge positively affects people’s behavior.
It is also important both for the society and for themselves
that pharmacists have accurate information about COVID-19
and increase their own level of knowledge. It should be the
responsibility of pharmacists, who are the health profession in
the closest contact with the public, to transfer the knowledge
they have acquired to society by reflecting it in their behaviors
and to provide patient education in order to prevent and control
the spread of COVID-19.

Conflict of interest: No conflict of interest was declared by the
authors. The authors are solely responsible for the content and
writing of this paper.
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Exploring the Solvent-Anti-solvent Method of
Nanosuspension for Enhanced Oral Bioavailability
of Lovastatin

Lovastatinin Gelismis Oral Biyoyararlanimi Icin Solvent-Anti-solvent
Yontemi ile Hazirlanan Nanosuspansiyon Formulasyonunun Arastiriimasi
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Objectives: Lovastatin is an antilipidemic drug that belongs to the class of statins that has poor oral bioavailability due to its low solubility and variable
dissolution rate. The main aim of this study was to enhance the solubility and dissolution rate of the drug and understand its oral bioavailability.
Materials and Methods: Lovastatin nanosuspension was formulated using a solventanti-solvent method using a probe sonication technique. A
nanosuspension was prepared, using hydroxypropyl methylcellulose (HPMC) K15M and pluronic F68 as stabilizers. The formulated nanosuspensions
were characterized for particle size, polydispersity index (PDI) zeta potential, surface morphology, and in vitro release rate. Further, an in vivo
bioavailability study and stability studies were also performed.

Results: Optimized formulation showed a particle size of 127+0.01 nm, a PDI of 0.492+0.001, and a zeta potential of -37.9 mV, which indicates good
stability. Morphological study showed that the particles were in the nano range. The drug content was found to be in the range of 73-87%. /n vitro
release revealed much faster release of the drug in one hour compared to the pure drug and its marketed formulation. /n vivo bioavailability study
was carried out in Wistar rats, which showed improvement in bioavailability by approximately 2.5 folds compared with the marketed formulation.
Stability studies indicated that the optimized formulation F2 was more stable at 4°C+2°C.

Conclusion: The prepared lovastatin nanosuspension showed improvement in solubility, dissolution rate, and oral bioavailability compared to the
pure drug and its marketed formulation. Hence, lovastatin nanosuspension may be a potentially valuable tool for improving the oral bioavailability
of lovastatin.

Key words: Lovastatin, oral bioavailability, solubility, nanosuspension

()'Z |

Amag: Lovastatin, distk ¢ozunurlugu ve degisken ¢oztinme hizi nedeniyle oral biyoyararlanimi zayif olan statinler sinifina ait antilipidemik bir ilagtir.
Bu galismanin temel amaci, ilacin ¢ozUnurlugund ve ¢dzinme hizini artirmak ve oral biyoyararlanimini belirlemektir.

Geregler ve Yontemler: Lovastatin igeren nanosispansiyon, bir prob sonikasyon teknigi kullanilarak solvent-anti-solvent yontemi kullanilarak
formdile edildi. Stabilizator olarak hidroksipropil metilseliloz (HPMC) K15M ve pluronic F68 kullanilarak bir nanostspansiyon hazirlandi. Formule
edilen nanosispansiyonlar, partikil boyutu, polidispersite indeksi (PDI), zeta potansiyeli, ylizey morfolojisi ve in vitro salim profilleri belirlenerek
karakterize edildi. Ayrica, in vivo biyoyararlanim galismasi ve stabilite galismalari da gergeklestirilmistir.

Bulgular: Optimize edilmis formulasyonun, partikidl boyutu 127+0,01 nm, PDI degeri 0,492+0,001 ve zeta potansiyeli -37,9 mV olarak belirlendi, bu
da formilasyonun iyi bir stabiliteye sahip oldugunu gésterdi. Morfolojik calisma, partikillerin nano aralikta oldugunu gosterdi. ilag icerigi %73-
87 araliginda bulundu. /n vitro salim, saf ilaca ve ticari formilasyona kiyasla ilacin bir saat iginde gok daha hizli salim profili gésterdigini ortaya
cikardi. /n vivo biyoyararlanim galismasi Wistar sicanlarinda gerceklestirildi ve nanosiispansiyon formiilasyonunda ticari formiilasyona kiyasla
biyoyararlanimda yaklasik 2,5 kat iyilesme oldugunu gosterdi. Stabilite galismalari, optimize edilmis F2 formilasyonunun 4°C+2°C'de daha stabil
oldugunu gosterdi.
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Received: 20.10.2020, Accepted: 14.12.2020
©Turk J Pharm Sci, Published by Galenos Publishing House.

541


https://orcid.org/0000-0002-7458-8842
https://orcid.org/0000-0001-7951-9857
https://orcid.org/0000-0001-5263-3529
https://orcid.org/0000-0001-6933-2298
https://orcid.org/0000-0002-9624-4514
https://orcid.org/0000-0001-6487-6018

542  PATIL et al. Lovastatin Nanoparticles for Enhancing its Oral Bioavailability

Sonug: Hazirlanan lovastatin nanosispansiyonu, saf ilaca ve ticari formilasyonuna kiyasla ¢dzinurlik, ¢ézinme hizi ve oral biyoyararlanim
agisindan gelisme gdstermistir. Bu nedenle, lovastatin nanostispansiyonunun, lovastatinin oral biyoyararlanimini gelistirmek igin potansiyele sahip

oldugu sonucuna ulasildi.

Anahtar kelimeler: Lovastatin, oral biyoyararlanim, ¢6ztntrlik, nanostispansiyon

INTRODUCTION

Oral route is the highly preferred route for administration of
drugs as it provides high patient compliance! A large number
of drugs that are available in the market exhibit low oral
bioavailability because of their low aqueous solubility and
intrinsic dissolution rate. According to the Biopharmaceutical
Classification System, drugs with poor aqueous solubility are
classified either as class Il or class IV drugs.? Poor aqueous
solubility of the drugs results in low oral bioavailability, varying
absorption rate, and inter/intrasubject proportionality.®> Oral
bioavailability of various drugs is also affected by another
factor (i.e., poor gastrointestinal permeability). According to the
literature, various techniques like solubilization, salt formation,
micronization, change in physical form, use of prodrug and
drug derivatives, addition of surfactants, and pH alteration have
been utilized for improving the dissolution and bioavailability of
the drugs having poor aqueous solubility.*

Nanotechnology has reshaped the field of drug delivery and
research. Pharmaceutical nanoparticles are solid submicron
sized (<100 nm in diameter) drug carriers that may or may not be
biodegradable.® Types of nanoparticles that are applied in drug
delivery include nanosuspensions, polymeric nanoparticles,
and lipid nanoparticles. Nanosuspension is the colloidal
dispersion of solid drug particles in a liquid phase having a
particle size of <1 ym with an average particle size of 200-
600 nm.® It consists of pure drug and stabilizers (surfactants
or polymers). Their small particle size facilitates effective
transportation of drug molecules to cells with an optimum
therapeutic effect and reduced adverse effects.” The potential
benefits of nanosuspension technology for poorly soluble drug
delivery are increased drug dissolution rate, increased rate,
and extent of absorption, and hence the bioavailability of drugs.
The selection of a suitable stabilizer or surfactant as well as
the manufacturing method may offer nanosuspension with
highest stability for long-term storage. Nanosuspension may be
formulated by a bottom-up or top-down approach.

Cardiovascular disease remains the leading cause of morbidity
and mortality worldwide, and hyperlipidemia is a major factor
contributing to its development.® Lovastatin is a cholesterol-
lowering agent that has been isolated from a strain of
Aspergillus ferreus. It is very effective and well tolerated by
patients with moderate hypercholesterolemia. Lovastatin also
manifests pharmacological activities of bone formation and
chemoprevention. Due to its rapid metabolism in the gut and
liver, lovastatin exhibits poor oral bioavailability of <5% and a
shorter half-life of 2-5 h.? According to the literature, various
attempts have been made to improve the aqueous solubility
and bioavailability of lovastatin by preparing self-emulsifying

drug delivery systems, nanostructured lipid carriers (NLC),
and extended-release formulation by one-step melt granulation
method. For instance, Sunil et al’®, Jun and Daxin' and Gande et
al!? prepared stabilized self-emulsifying drug delivery systems
in the form of hydrogel, NLC, and solid lipid nanoparticles
(SLN) of lovastatin, respectively, with an objective to enhance
the solubility and bioavailability of lovastatin, but there are no
comparative data of their formulation with the already existing
marketed product to justify the enhancement in bioavailability
of the drug.

Hence, attempts were made to improve solubility and
oral bioavailability of lovastatin by formulating lovastatin
nanosuspension via the solvent-anti-solvent method using probe
sonication technique in this study. Further, nanosuspensions
were evaluated for particle size, polydispersity index (PDD,
zeta potential, drug content, an in vitro release study, in vivo
bioavailability study, and stability study.

MATERIALS AND METHODS

Materials

Lovastatin was procured as a gift sample from Lupin
Pharmaceuticals, Goa. Hydroxypropyl methylcellulose (HPMC)
K15M was purchased from Yarrow Chem Products, Mumbai.
Pluronic F68 was purchased from Ozone Pharmaceuticals,
Mumbai. Acetone, Chloroform, Methanol, and Ethanol were
purchased from Molychem, Mumbai. Dialysis membrane having
a cutoff molecular weight between 12,000 and 14,000 Dalton
was purchased from Hi Media.

Methods
Optimization of process parameters

Selection of a suitable solvent-anti-solvent ratio

Before proceeding toward formulation of the lovastatin
nanosuspension, a solvent and anti-solvent were selected
based on the solubility studies of drugs in different solvents.
In the solvent-anti-solvent method, the selected solvent should
be a water-miscible solvent and capable enough to dissolve the
drug to a greater extent so that a clear solution is obtained.
Conversely, the solvent in which the drug was least soluble
or was completely insoluble was selected as an anti-solvent.
As the drug exhibits maximum solubility in methanol, it was
selected as a solvent, and water was selected as an anti-
solvent since the drug was least soluble in water. Different
ratios like 1:1, 1:2, 1:3, 1:4, and 1:5 were tried for formulating a
nanosuspension. The ratio of solvent:anti-solvent that resulted
in a production of nanosuspension with the best reproducible
particle size, and PDI was selected as an optimized ratio.
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Optimization of sonication time

Optimization of sonication time was done by sonicating the
formulation for 2, 5, 10, 15, and 20 mins. Based on the best
and reproducible results of particle size and PDI, an optimized
sonication time was selected.

Selection of polymer and surfactant

A suitable polymer was selected by screening various polymers
like HPMC K15M, HPMC K100M, and PVPK30. Based on the best
and reproducible results of particle size, PDI, and the ability to
inhibit crystal growth, a suitable polymer was selected. Various
surfactants like pluronic Fé8, pluronic F127, and polyethylene
glycol 6000 were tested to determine the surfactant effective
in reducing the particle size of the drug.

Effect of flow rate

Particle size of the obtained nanosuspension was measured at
varied flow rates of drug solution into polymer solution at 2-8
mL/min to select the optimum flow rate during the formulation
of nanosuspension. All the process optimization parameters
are depicted in Table 1.

Formulation of nanosuspension by solvent-anti solvent
technique

Six formulations of (F1-F6) lovastatin nanosuspensions
were prepared by the solvent-anti-solvent method using a

probe sonication technique. Briefly, a specified amount of
drug was completely dissolved in the water-miscible solvent
(methanol). In another beaker, polymer/surfactant was added
to the water (anti-solvent) and further sonicated till a clear
polymeric solution was formed. The prepared drug solution
was then added to the polymeric solution at a rate of 2 mL/min
and maintained in an ice bath to prevent particle collision till
precipitation occurred.®'® The quantities of ingredients used in
the formulation are mentioned in Table 2, and the solvent-anti-
solvent technique is depicted in Figure 1.

Evaluation of lovastatin-loaded nanosuspensions

Particle size analysis

The particle size of the prepared nanosuspension was
determined using a dynamic light scattering (DLS) particle size
analyzer. For analysis, the nanosuspension was diluted with
Millipore water at a ratio of 1:5 and further sonicated for 2 min.
Samples were analyzed in triplicate.”

Polydispersity index

PDI is also measured using a DLS particle size analyzer.
The obtained PDI values give an idea about the particle size
distribution of nanoparticles. Their values range from 0.000 to
1.000, which demonstrate that the lower the value, the narrower
the size distribution of nanoparticles and vice versa®

Table 1. Optimization of process parameters and their evaluation

Optimization of the solvent:anti-solvent ratio and sonication time

Solvent (methanol):anti-solvent (water) ratio 1:1 1:2 1:3 1:4
Sonication time (min) 05 10 15 20
Particle size (nm) 1595 623 407 379
PDI 1.6 15 0.04 0.4

Effect of polymer on particle size and PDI

Polymer Particle size (nm) PDI
HPMC K15M 483 0.5
HPMC K100M 1054 0.5
PVP K30 1064 0.5
Effect of a surfactant on particle size and PDI
Surfactant Particle size (nm) PDI
PEG 6000 1205 19
Pluronic F127 926 0.4
Pluronic F68 442 0.6
Effect of flow rate on particle size and PDI
Flow rate Particle size (nm) PDI
2 mL/min 487 0.4
4 mL/min 604 0.5
6 mL/min 798 0.5
8 mL/min 1023 0.6

PDI: Polydispersity index, HPMC: Hydroxypropy! methylcellulose, PVP: Polyvinylpyrrolidone, PEG: Polyethylene glycol
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Table 2. Formulation design of lovastatin nanosuspension using the s

olvent-anti-solvent method

Formulation number Lovastatin (mg) HPMC K15M (mg/mL) Pluronic F68 (mg/mL) Methanol (mL) Water (mL)

F1 10 1.0 - 10 50

F2 10 1.5 - 10 50

F3 10 - 1.0 10 50

F4 10 - 1.5 10 50

F5 10 1.0 1.5 10 50

Fé6 10 1.5 1.0 10 50

HPMC: Hydroxypropyl methylcellulose
Drug solution

Beaker 1 Beaker 2 (Beaker 1) is
added is added
drop wise
Lovastatin Polymer/ Solvent ——
+ Surfactant
Water
Antisolvent
soivent Anti- solvent
Clear
Polymeric
solution
Drug Stir
. solution ] )] Antisolvent

L.

-

R e
Drug loaded
Nanosuspension

Precipitation

Figure 1. Formulation of nanosuspension by the solvent-anti-solvent technique

Drug content

Lovastatin nanosuspension was equivalent to 1 mg and was
added to 10 mL of methanol; it was further diluted with a
phosphate buffer up to 100 mL and stirred continuously for
2 h. It was subjected to ultracentrifugation at 15,000 rpm for
20 min. The supernatant was collected, suitably diluted, and
analyzed spectrophotometrically at 238 nm.”

Zeta potential

A physical property exhibited by particles in suspension is
zeta potential. It is used for the optimization of emulsions and
suspensions as its knowledge reduces the number of trial
formulations. It is also an important parameter to predict long-
term stability.°

Transmission electron microscopy (TEM)

The external morphology of lovastatin nanosuspension was
studied using TEM, and it was performed at SAIF, Cochin.

Samples for TEM were prepared by initially diluting with Millipore
water. Then, a drop of nanosuspension was kept on a copper
grid (carbon coated) and stained with phosphotungstic acid.
The grid was air dried and observed at different magnifications
under TEM.Z!

In vitro drug release study

The in vitro drug release of lovastatin was performed using
the dialysis bag diffusion technique. An accurately weighed
quantity of nanosuspension (equivalent to 10 mg of the drug)
was placed in a dialysis bag, and the bag was sealed. Then,
the bag was suspended initially for 1 h in a basket containing
900 mL of pH 6.8 phosphate buffer. Aliquots of 5 mL of the
sample were withdrawn at pre-determined intervals from the
compartment, and the same amount was replaced by the fresh
buffer. The sample was analyzed spectrophotometrically after
suitable dilution by determining the absorbance at 238 nm.
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In vivo bioavailability study

Healthy Wistar rats weighing 180-200 g were housed in
polypropylene cages and maintained at room temperature for 12
h dark/light cycles. They were fed with standard pelleted diet
and water. The animals were acclimatized for one week under
laboratory conditions before experiments were done on the
animals. Ethical clearance was obtained from the Institutional
Animal Ethics Committee (resolution no: KLECOP/CPCSEA/
Re.no.221/ PO/RE/S/2000/CPCSEA Res.27-24/12/2018) prior
to the beginning of the research. The in vivo study was aimed
to mainly estimate the amount of drug in the blood withdrawn
from rats at various time intervals.?

Twelve healthy male Wistar rats weighing 180-200 gms were
selected and divided into two groups, each containing six rats.
Group 1 received the marketed product of lovastatin, and group
2 received lovastatin nanosuspension equivalent to 0.108 mg
in normal saline through the oral route. After 0.5, 2, 4, 6, 8, 10,
and 24 h, 0.5-1 mL blood was collected from the tail vein into an
Eppendorf tube containing 10-uL EDTA and centrifuged at 5000
rpm for 20 min. Supernatant plasma was collected, filtered
through a 0.45 uym membrane into clean vials and analyzed
spectrophotometrically to determine the concentration.

Short term stability studies

The optimized formulation was subjected to stability studies as
per International Council on Harmonisation (ICH) guidelines. The
formulation was exposed to varying conditions of temperature
and relative humidity, i.e., 25°C/65% RH and 4°C/65% RH, for a
period of three months in a humidity control oven. The samples
were collected and evaluated for particle size and percent
cumulative drug release at intervals of 0, 1, 2, and 3 months,
respectively.

RESULTS AND DISCUSSION

Optimization of process parameters

For the drug lovastatin, maximum solubility was observed in
methanol, and least solubility was observed in water. Hence,
methanol was selected as a solvent and water as an anti-
solvent. Based on the effect of the solvent: anti-solvent volume
ratio on particle size, a 1:4 ratio was considered optimum as
the particle size was obtained in the nano range. Based on the
best and reproducible results, the optimized sonication time
was found to be 20 mins, which produced particles in the nano
range.

Polymer screening was performed using various polymers
like HPMC K15M, HPMC K100M, and PVPK30. Particle size
was measured immediately after precipitation. HPMC K15M
was found to be more effective in inhibiting crystal growth as
compared to particles prepared without the use of a polymer.
Hence, HPMC K15M was selected as the stabilizer for the
experiment. Pluronic F68 surfactant was found to have more
potential as the obtained particle size of nanosuspension was
observed in the nano range.

It was observed that an increase in flow rate (2-8 mL/min)
increased the particle size from 487 nm to 1023 nm because of

large crystal formations. Hence, a flow rate of 2 mL/min was
found to be optimum to get the particle size in the nano range.
The process optimization parameters and their evaluation
results are depicted in Table 1.

Formulation of nanosuspension by the solvent-anti-solvent
technique

Lovastatin nanosuspension was successfully prepared by the
solvent-anti-solvent method using a probe sonication technique.
A total of six formulations were prepared using HPMC K15M and
pluronic F68 as stabilizers. In the technique, the addition of the
drug solution to the anti-solvent leads to higher supersaturation.
This produces many nuclei because of a high nucleation rate,
which in turn reduces the mass of the solute for subsequent
growth. Submicron particles are thus produced, provided that
the nucleating crystals’ growth is arrested by the stabilizer
via stearic or electrostatic mechanism. Because lovastatin is
a hydrophobic drug, the most generally used anti-solvent is
water. With respect to the solvent, it has more potential if it
solubilizes a higher amount of drug and possesses a greater
diffusion rate to the anti-solvent, whereas the stabilizer should
possess good affinity toward the drug particles and result in
a fast diffusion rate as well as sufficient adsorption onto the
surface of the drug particles in the solvent-water mixture.
Hence, a pair of solvent-stabilizer is crucial to achieve the
submicron particles.?

Evaluation of lovastatin-loaded nanosuspension

Particle size analysis

Particle size of the prepared formulation was determined to
confirm the production of the particles in the nano range. All
formulations were found to be in the range of 127-401 nm (Table
3). It was observed that the particle size was decreased from
284 nm to 127 nm, as the HPMC concentration increased from
1.0 mg/mL to 1.5 mg/mL. This is attributed to the good affinity
of the hydrophobic portion of HPMC for drug particles, which
leads to an effective stearic barrier against growth. Similarly,
when the concentration of pluronic F68 increased from 1.0 mg/
mL to 1.5 mg/mL, the particle size decreased from 401 nm to
239 nm. This result may be due to the high affinity of lovastatin
particles toward this stabilizer, which provided an effective
stearic barrier against crystal growth. Additionally, particle size
of the formulations containing the combination of both HPMC
K15M and pluronic F68 (F5 and F6) were in the nano range.

Polydispersity index

PDI determines particle size distribution, which ranges from O
to 1. The sample is said to be monodisperse when the PDI value
is close to zero. When the PDI value is 0.2, it is regarded as a
narrow size distribution. PDI of all the formulations are shown in
Table 3. However, when the PDI value is >0.2, it is considered as
polydisperse distribution. Among the prepared nanosuspension
formulation, F1 and F3 showed monodisperse size distribution
with PDI values of 0.28 and 0.048, respectively. F2, F4, F5, and
F6 exhibited polydisperse-sizes distributions with PDI values
of 0.492, 0.81, 0.61, and 0.30, respectively.
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Zeta potential

The zeta potential was analyzed to determine the stability of
the optimized formulation. The zeta potential of the optimized
formulation was found to be -37.9 mV, which indicates good
stability.

Transmission electron spectroscopy

TEM images of the optimized formulation F2 revealed that
the particles were spherical in shape, evenly distributed, and
were in the range of 64.62-157.82 nm, which is close to the
value obtained from the particle size analyzer (Nanotrac). TEM
images are shown in Figure 2.

Drug content

Drug content was calculated for the formulations F1-F6, and it
was found to be in the range of 73-86.29%. Drug content was
found to be maximum for the formulation F2 and least for the
formulation F3.

In vitro drug release study

An in vitro drug release study performed in phosphate buffer
(pH 6.8) for 1 h to check the release of drug is depicted in
Figure 3. The results indicated that the formulation F2 with
the least particle size showed a maximum release rate. Based
on the drug content, particle size, and drug release profile, the
formulation F2 was selected as an optimized formulation. The
release profile of the optimized formulation was then compared
to the release profile of the pure drug and its marketed
formulation, as shown in Figure 4. The percent cumulative
drug release obtained at the end of 1 h for optimized, marketed,

Figure 2. Transmission electron microscopy images of the optimized
formulation F2

and pure drug formulations were 92.83%, 60.47%, and 39.73%,
respectively. This is because smaller the particle size, larger
the surface area. Hence, the drug that is at or near the surface
is easily released.

In vivo bioavailability study

The study was performed in Wistar rats to compare the plasma
concentration of the optimized formulation F2 with that of the
marketed product given orally in a normal saline. The average
concentration was obtained at regular intervals for both the
formulations. A comparative graph of plasma concentration vs.
time of the optimized formulation F2 and the marketed product
is shown in Figure 5. This graph revealed that the formulation
F2 showed a greater bioavailability than that of the marketed
product. Area under the concentration (AUC) of 29.34 ug h/mL,
C, ., of49 pg/mL, and T . of 4 hwas observed for the marketed
product when given orally. However, the optimized formulation
showed AUC of 63.05 ug h/mL, C__ of 6.5 yg/mL, and T__ of
1 h, which was calculated by the trapezoidal method (Table 4).
Thus, the lovastatin nanosuspension was able to improve the
bioavailability by approximately 2.5 folds when compared to the
marketed product.

Few more studies have been conducted with respect to the
bioavailability enhancement of lovastatin. For instance, Roshan
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Figure 3. In vitro drug release profile for all the formulations

Table 3. Particle size, polydispersity index, percent drug content, and percent CDR of the nanosuspension formulations F1-F6

Formulation code Particle size (nm) PDI (Mv) Drug content % CDR %

F1 284+0.04 0.28+0.022 76.90+08 87.44+06
F2 127+0.01 0.492+0.001 86.33+07 92.83+08
F3 401x0.06 0.048+0.004 73.25+06 78.19+07
F4 239+0.002 0.81+0.003 78.02+06 89.53+05
F5 224+0.02 0.61x0.005 82.51+08 90.33+06
F6 319+0.03 0.30£0.02 74.00£05 80.25+05

Data are expressed as the mean + SD (n=3). CDR: Constant default rate, PDI: Polydispersity index, SD: Standard deviation
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Table 4. Pharmacokinetic parameters of marketed formulation and optimized formulation F2

Formulation C... (ug/mbL) T, () AUC_, (ug/mL/h)
F2 6.5 01 63.05
Marketed product 49 04 29.34

Cmax: Maximum plasma concentration,Tmax: Time of maximum plasma concentration, AUC[H: Area under the concentration-time curve from dosing (time 0) to time t

100
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Figure 4. Comparison of in vitro drug release profile of the optimized
formulation (F2) with that of a pure drug and marketed formulation
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Figure 5. In vivo plasma drug concentration time curve of the optimized
formulation (F2) and marketed formulation

et al.?> performed comparative in vivo pharmacokinetic studies
among solid lipid nanoparticle SLN carrier and NLC and
concluded that the lovastatin-encapsulated NLC presented
increased bioavailability (10.56%) compared to SLN (7.5%).
Keerthi and Bhikshapath?® developed a self-nanoemulsifying
drug delivery system (SNEDDS) of lovastatin to increase its
solubility and bioavailability. This study concluded that the
optimized formulation of SNEDDS significantly improved the
oral bioavailability of lovastatin as compared with the pure drug
(no comparison with the marketed product).?® Recently, Gaber?”

prepared and optimized nanoparticles by an ultrasonication-
assisted precipitation method. /n vivo studies confirmed
that there was a 1.45-fold enhancement in C__ of lovastatin
nanoparticles as compared to a marketed tablet.?” These
studies have also led to enhanced bioavailability of the drug,
but not to the extent of a 2.5-fold increment compared with
the marketed product. Thus, a developed nanosuspension by
the solvent-anti-solvent method may be a potential technique
to produce submicron particles of poorly water-soluble drugs,
thereby enhancing oral bioavailability.

Short-term stability studies

Stability studies were conducted for the optimized formulation
F2 as per ICH guidelines for a period of 3 months. Physical
appearance of F2 changed slightly when samples were stored
at room temperature 25°C+2°C/RH 65%+5% for 3 months. A
sediment of thin layer was observed. However, it disappeared
immediately with slight shaking. No change in the physical
appearance was observed when nanoparticles were stored
in the refrigerator at 4°C+2°C/RH 65%+5% for 3 months. On
comparing the stability study data with the initial data, it was
observed that there was not much change in the particle size
and the in vitro drug release for the formulation stored at
4°C+2°C/RH 65%+5% to that stored at room temperature. Thus,
the formulation stored at 4°C+2°C/RH 65%+5% showed better
stability as compared to the formulation stored at 25°C+2°C/RH
65%+5%.

CONCLUSION

In the present study, the solvent-anti-solvent method was
employed to formulate nanosuspension of lovastatin for
enhancing the solubility, dissolution rate, and thereby its oral
bioavailability. Lovastatin nanosuspension was formulated
using methanol as a solvent, water as an anti-solvent, and HPMC
K15M and Pluronic F68 as stabilizers. Fourier transform infrared
spectroscopy and differential scanning calorimetry studies
showed no interaction between the drug and the excipients
that were used in the formulation (results not shown). On the
basis of drug content, particle size, and drug release profile,
formulation F2 was selected as an optimized formulation. TEM
images suggest that the particle size of all the formulations
were in the nano range. Zeta potential of optimized formulation
F2 was found to be -37.9 mV, which showed a good stability.
The dissolution rate depends upon the particle size. The smaller
the particle size, the faster will be the dissolution. Formulation
F2 showed a maximum dissolution rate of 92.83% in 1 h when
compared with the pure drug and the marketed formulation,
which showed 39.73% and 60.47% dissolution in the same
time. A pharmacokinetic analysis of in vivo bioavailability data
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indicated a 2.5-fold increase in comparison with the marketed
formulation. Stability studies were conducted according to ICH
guidelines for optimized formulation F2, and it was more stable
at 4°C£2°C. Thus, it may be concluded that the solvent-anti-
solvent method is a simple and potential technique to produce
submicron particles of poorly water-soluble drugs, thereby
enhancing oral bioavailability for commercial production.
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Stability-indicating LC Method for Quantification
of Azelnidipine: Synthesis and Characterization of
Oxidative Degradation Product

Azelnidipin Miktar Tayini Icin Stabilite Gostergeli LC Yontemi: Oksidatif
Bozunma Uriinlinlin Sentezi ve Karakterizasyonu
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ABSTRAC T |

Objectives: In the work presented here, the degradation behavior of azelnidipine under diverse forced degradation conditions was studied. A
stability-indicating liquid chromatographic method was established which could separate and resolve azelnidipine from its degradation products.
Further, chemical kinetics under acidic and alkaline conditions were studied, and validation studies were performed.

Materials and Methods: Using reversed-phase chromatography, azelnidipine and its formed degradants were resolved using phosphate buffer (pH
3.0) and methanol in a mixture of 10:90% v/v as a mobile phase at a flow rate of 1.0 mL/min. All eluents were detected at a wavelength of 256 nm.
Results: Azelnidipine was degraded under acid, alkali, wet heat, and oxidized environment. The pH-dependent rate of hydrolysis of azelnidipine
was studied under acidic and alkaline conditions and chemical kinetics were determined. Further, the oxidative degradation product of azelnidipine
was synthesized and characterized as 3-(1-benzhydrylazetidin-3-yl) 5-isopropyl 2-amino-6-methyl-4-(3-nitrophenyl) pyridine-3,5-dicarboxylate
(dehydro-AZD).

Conclusion: The susceptibility of azelnidipine to hydrolysis was attributed to the presence of ester at 3 and 5 positions of 1,4 dihydropyridine.
Further, under oxidative conditions, the aromatization of 1,4 dihydropyrinine resulted in dehydro-AZD. Azelnidipine followed the first-order reaction
under acid and alkali hydrolysis, and was more susceptible to degradation under acidic conditions. The synthesized and confirmed dehydro-AZD
was found as one of the metabolites and impurities of azelnidipine. The evaluated validation parameters ascertained the practicality of the method
for the quantification of azelnidipine tablets.

Key words: Azelnidipine, chemical kinetics, degradation product, HPLC, method validation, stability-indicating

() |

Amag: Bu galismada, azelnidipinin gesitli zorlu bozunma kosullari altinda bozunma davranisi incelenmistir. Azelnidipinin stabilitesini gdsteren,
azelnidipini bozunma Urlnlerinden ayirabilen ve gozebilen sivi kromatografik yontem gelistirilmistir. Ayrica asidik ve alkali kosullar altinda kimyasal
kinetikler incelendi ve dogrulama galismalari yapildi.

Gereg ve Yéntemler: Azelnidipin ve olusan bozunma Urinleri, mobil faz olarak kullanilan fosfat tamponu (pH 3,0) ve metanol (%10:90 h/h) ile, 1,0
mL/dk akis hizinda ters faz kromatografisi kullanilarak ayristirildi. Tim eluentler 256 nm dalga boyunda tespit edildi.

Bulgular: Azelnidipin asit, alkali, 1slak isI ve oksitlenmis ortam kosullarinda degrade edildi. Azelnidipinin pH'ye bagli hidroliz hizi asidik ve alkali
kosullar altinda galisilmis ve kimyasal kinetik belirlenmistir. Ayrica, azelnidipinin oksidatif bozunma trtnd olan 3-(1-benzhidrilazetidin-3-i)
5-izopropil 2-amino-6-metil-4-(3-nitrofenil) piridin-3,5-dikarboksilat (dehidro-AZD) sentezlendi ve karakterize edildi.

Sonug: Azelnidipinin hidrolize duyarliigl, 1,4 dihidropiridinin 3 ve 5 pozisyonlarindaki esterin varligi ile iliskililendirildi. Ayrica, oksidatif kosullar
altinda 1,4 dihidropirinin aromatizasyonu dehidro-AZD eldesi ile sonuglandi. Azelnidipin igin, asit ve alkali hidroliz altinda bozunmasinin birinci
derece kinetige uydugu belirlendi ve asidik kosullar altinda bozunmaya daha duyarliydi. Sentezlenen ve dogrulanan dehidro-AZD, azelnidipinin
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metabolitlerinden ve safsizliklarindan biri olarak bulundu. Degerlendirilen dogrulama parametreleri, azelnidipin tabletlerinin miktar tayini igin

yontemin pratikligini belirlemistir.

Anahtar kelimeler: Azelnidipin, kimyasal kinetik, bozunma triint, HPLC, metot validasyonu, stabilite gostergesi

INTRODUCTION

Stability experiments aim to recognize the likely alterations
with drug substances and products with regards to time
under various storage conditions. It is anticipated that all the
analytical methods used during the study should be stability-
indicating. Although any method evaluating changes in the
physico-chemical properties of a drug substance or product
should indicate stability, chromatographic methods are the most
common stability-indicating methods (SIM)." A major challenge
in SIM development is the generation of stability test samples
which are the real-time samples and contain all degradation
products which may form under normal storage conditions.
For stability evaluation, forced degradation experiments are
conducted where the drug substances and products are heated
to elevated temperatures under different pH conditions at
different intervals, oxidation, dry heat, and photolytic conditions.

Chemically, AZD (Figure 1) is (z) 3-(1-benzhydrylazetidin-
3-yb 5-isopropyl 2-amino-6-methyl-4-(3-nitrophenyl)
-1,4-dihydropyridine (DPH)-3,5-dicarboxylate.? AZD is official
in Indian Pharmacopoeia 2014° and Japanese Pharmacopoeia
2016.4

AZD is a third-generation calcium channel antagonist and an
effective antihypertensive agent used in patients suffering from
hypertension.® It specifically suppresses the L-type calcium
channels of smooth muscle cells, and prevents the influx of
transmembrane calcium.®

A literature review found numerous analytical methods
stated for the estimation of AZD, including AZD estimation
in pharmaceutical formulations by high performance liquid
chromatography (HPLC), ™™ ultraviolet (UV) spectroscopy" in
biological fluids by hyphenated LC-mass spectrometry (MS)
techniques,'” enantiomeric separation and estimation of AZD
by HPLC™ and LC-tandem MS.® Along with these, an extensive
literature exists on SIM for the estimation of AZD, including
HPLC'™'" and HPTLC.® Two SIM have been reported for the

Figure 1. Chemical Structure of AZD

simultaneous estimation of AZD and olmesartan.®?° Further,
the degradation of AZD under radical initiator-based oxidative
conditions was studied.?

Moreover, limited shreds of evidence have been reported
regarding the degradation behavior of AZD under different
degradation conditions as well as no chemical kinetic study has
been performed to date.

To address these unaccounted phenomena, the objectives of
the current investigation was to ascertain an LC approach for
AZD quantification in bulk and tablets which could separate and
resolve the AZD from its degradants, to validate the method
to prove the accuracy, precision, robustness, and stability-
indicating power of the method. The study was set out to
explore the degradation behavior of AZD under different forced
degradation conditions and to study the kinetics under acidic
and alkaline conditions.

Further, from the |literature, it was revealed that
3-(1-benzhydrylazetidin-3-yl) 5-isopropyl 2-amino-6-methyl-
4-(3-nitrophenyl) pyridine-3,5-dicarboxylate (dehydro-AZD) is
the oxidative degradation product of AZD ?' as well as one of the
major AZD metabolites.?? According to the literature 1,4-DHP
derivates oxidize in the liver by cytochrome P-450 into pyridine
derivatives (aromatization of 14-DHP).% This was of high
interest and therefore, the study was continued to synthesize
and interpret the oxidative degradation product of AZD.

MATERIALS AND METHODS

Chemicals and reagents

A pharmaceutical grade AZD (certified to contain 99.91% w/w
ondried basis) was obtained from Precise Pharmaceuticals Ltd,
Nashik, India as a gift sample. In the investigation, methanol was
of HPLC grade and other chemicals were of Analytial Reagent
grade. All chemicals were bought from SDFLC - SD Fine Chem
Ltd, Mumbai, India. The varying strengths of hydrochloric
acid, sodium hydroxide, and hydrogen peroxide were prepared
freshly by diluting appropriately with double distilled water,
and were further used after filtering through membrane filter
papers (Millipore India Pvt. Ltd., Bengaluru, India). The tablets
containing AZD 16 mg were bought from the residential market.

Instrumentation and chromatographic conditions

HPLC system used in the analyses consisted of binary pumps
(PU 2080 plus), Jasco Corporation, Tokyo, Japan with 20
uL sample injector and multi-channel UV-visible detector,
UV-2077, Jasco Corporation, Tokyo, Japan. All signals were
recorded using Borwin software (version 1.50).

All chromatographic analyses were conducted on the C18
column with dimensions of 250x4.6 mm, 5 um using a blend of
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25 mM phosphate buffer (pH 3.0), and methanol (10:90% v/v) at
a constant flow of 1.0 mL/min. The detector wavelength was set
out at 256 nm, which was the absorbance maxima of the AZD.

Forced degradation studies

Forced degradation trials were carried out on AZD bulk drug
sample and on AZD tablets as per ICH Q2A (R1).2* Preliminary
experiments were conducted to decide the strength of the
stressor used, temperature of exposure, and time of heating.
Under acidic and alkaline degradation, AZD was exposed to 0.1
N HCland 0.1 N NaOH at 70°C for 35 min, respectively. Wet heat
degradation was achieved by refluxing the drug into double
distilled water for 8 h at 70°C. Further, AZD was exposed to 3%
v/v hydrogen peroxide under dark for 24 h. The oxidized sample
was heated on water bath to eliminate the leftover hydrogen
peroxide. Degradation under dry heat condition occured by
heating the AZD for 6 h in a hot air oven at 70°C and photolytic
degradation by exposing the AZD under 7-day cycles to direct
sunlight.

After exposure, degradation samples were collected and
diluted suitably with the mobile phase. The obtained 10 ug/mL
of samples were injected in the LC system. The decrease in
the area under curve (AUC) of AZD compared to the standard
AZD sample and with the appearance of secondary peaks in
the chromatograms were noted as degradation. Appropriate
counter blank samples were used to impede errors.

Chemical kinetic studies

To study the chemical kinetics of AZD under acidic and alkaline
conditions, 10 mg of AZD was transferred to two separate
round bottom flasks, and in each flask, 10 mL of 0.1 N HCl and
0.1 N NaOH were added, respectively. The resulting solutions
were heated in a thermostatic water bath at 50°C for 35 min.
After 5 min intervals, the appropriate quantity was quenched,
diluted with the mobile phase to obtain 10 ug/mL, and injected
in the LC system.

Synthesis and characterization of dehydro-AZD

An accurately weighed 1 g quantity of AZD was transferred to
a conical flask, to which 20 mL of acetonitrile was added and
the solution was stirred for 10 min. To it, 1 g of 2,3-dichloro-
5,6-dicyano-1,4-benzoquinon was added. The resulting
mixture was again stirred for 20 min and was kept in dark at
room temperature for 7 h. The obtained reaction mixture was
washed with double distilled water. The resulting product was
characterized using MS.

Preparation of standard stock solution, calibration curve
standards, and estimation of AZD in tablets

The standard stock solution of 1 mg/mL of AZD was prepared
in methanol. The prepared standard stock solution was diluted
appropriately with the mobile phase to obtain 10, 20, 30, 40,
50, and 60 pg/mL of calibration curve standards and injected
in triplicate. To obtain the calibration curve equation, the
recorded AUC at each calibration standard was plotted against
respective concentrations, and the regression coefficient (r?),
y-axis intercept, and the slope of the line were determined.

To estimate the AZD in tablets, twenty tablets were weighed and
ground to a fine powder. The amount equal to the total weight
of one tablet was weighed and moved to a 100 mL volumetric
flask. The mixture was sonicated for 10 min after the addition
of 70 mL methanol and diluted further to 100 mL with methanol.
The obtained solution was filtered, subsequently diluted to
obtain 10 ug/mL, and injected in triplicate. The corresponding
concentrations and the % label claim were calculated using the
calibration curve equation.

Method validation

The developed method was validated as per the ICH Q2 R1
guidelines?® to evaluate the accuracy, precision, detection limit
(DL), quantitation limit (QL), robustness, and specificity.

Accuracy and precision were executed by spiking the standard
sample of AZD in the tablet solution at 80%, 100%, and 120%
levels across the calibration range in triplicate for three
successive days. The acceptable accuracy was established by
the closeness of the % amount recovered with the % amount
added and the precision with low relative standard deviation %
(RSD). Further, the obtained data of accuracy and precision were
subjected to One-Way ANOVA to ascertain the intermediate
precision of the method. DL and QL were determined as DL: (3.3
o0/S) and QL: (10 6/9), where o: SD of AUC and S is the slope
of the calibration curve, respectively. Robustness of the method
was verified by executing minor changes in the flow rate (0.2
mL), % methanol (£10%) and the detection wavelength (5 nm)
and the effects on the system of the AZD peak were observed.
To prove the specificity of the method, absolute separation
of AZD from its degradation products and the absence of the
interfering peaks at the retention times of AZD were evaluated.

Statistical analysis

In the results and discussion section, the statistical analysis
was discussed in chemical kinetics and method validation.

RESULTS AND DISCUSSION

Optimization of the chromatographic conditions

To obtain the adequate retention time of AZD with acceptable
system suitability, different mobile phases were tried. Initially,
water was tried as an aqueous phase along with acetonitrile
and methanol. However, the splitting of the AZD peak suggests
a buffer in the mobile phase. Good peak shape and acceptable
system suitability parameters (theoretical plates: 8991,
asymmetry: 1.10) were obtained when phosphate buffer at pH
3.0 was tried with methanol using Phenomenex Hyperclone
ODS (C18) column (250x4.6 mm, 5 um). The adequate retention
time of AZD at 4.703+0.12 min was obtained when 25 mM
phosphate buffer was used with methanol in the ratio of 10:90%
v/v, respectively. All eluents were detected at 256 nm in an
isocratic mode at the flow rate of 1 mL/min.

Forced degradation studies

Under acidic conditions, two degradation products were
obtained, whereas, under alkaline conditions, wet heat, and
oxidative conditions, one degradation product was obtained.
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Inconsiderable decrease in the peak area of AZD or appearance
of secondary degradation products were detected in dry heat
and photolytic conditions.

The degradation behavior of AZD under different forced
degradation conditions is presented in Table 1 and the respective
chromatograms are presented in Figure 2.

From the degradation behavior of AZD under different
conditions, it was observed that AZD is more susceptible to
degrade under acidic and alkaline conditions followed by
oxidation and wet heat conditions.

Chemical kinetics

A gradual decrease in the peak area (Figure 3) confirmed that
AZD follows the first-order reaction under acidic and alkaline
conditions. The rate constant (K), half-life (tvz), and shelf-life (t )
were determined using the following equations, respectively.

2303 G,
K= 1

og—

equation (1

of hydrolysis of AZD is higher in acid as compared to that in
alkali. Also, the t, and t,, values were the lowest for acid and
highest for alkali. AZD contains two ester groups and a lactone
ring; both groups are susceptible to hydrolysis. However,
the rate of hydrolysis depends upon pH, temperature, and
substituents.

Characterization of synthesized dehydro-AZD

The MS of the synthesized compound is depicted in Figure
4, where the major fragments identified had an m/z ratio of
581.45 (molecular ion), 342.18, 238.14, and 167.11, respectively.
The mass fragmentation pattern is depicted in Figure 5, and it
confirmed the synthesis of dehydro-AZD.

Table 2. Summary of AZD acid and alkali hydrolysis kinetics

Degradation

t C
0693
bz = "¢ equation (2)
0.104
tgo = N equation (3)

From Table 2, the K value was found to be higher under acidic
condition than alkaline condition which concludes that the rate

Table 1. Forced degradation behavior of AZD

Degradation Degradation RT of a RT of degradation
condition % drug (min) products (min)
Acid 21.27 4.82 2.76, 318
Alkali 17.88 4.57 2.85
Wet heat 8.59 4.82 3.45
Hydrogen peroxide 2.21 (peroxide
induced oxidation 10.07 4.82 blank), 3.27
RT: Room temperature
pv g
() /\
pv 1.00 200 3.00 2.00 §5.00[min]
® /\
BV 1.00 2.00 3.00 2.00 5.00[min]
(©) % /i\
Y 1.00 200 3.00 4.00 5.00[min]
bV 1.00 2.00 T 2.00 3 5.00[min]
(e) /i\ § /\
7.00 200 3.00 2.00 5.00[min]

condition K (1/min) t,, (min) t,, (min)
Acid degradation 110x107? 63 9.45
Alkali degradation 5.99x103 115.69 17.36
205
2
P\\'D
§ 195
o \
:9 A \\\'D\\R2=U9820_
o \ /\\m
1.85 = CE
¢
18
0 5 10 15 20 25 30 35 40
Time (min)

—e—Acid Hydroysis  —e—Alkali Hydrolyss

Figure 3. First-order plots of AZD under acidic and alkaline conditions
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Figure 2. Representative chromatograms of AZD under (a) standard
AZD (10 mg/mL), (b) acidic condition, (c) alkaline condition, (d) wet heat
degradation (e) hydrogen peroxide induced oxidation
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Figure 4. Mass spectrum of dehydro-AZD
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Calibration curve and estimation of AZD in tablets

AZD was found to be linear in the range of 10-60 ug/mL with
r2: 0.9989 with the calibration curve equation, y: 53455x+121119.

The calibration curve is depicted in Figure 6. The analysis of
the tablet showed 100.54+0.30 of AZD.
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/ !
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2 2500000 /
I 2 /
e
+ =
O o C 2000000 A
5 /
=
S /
ﬁ 2 1500000
N c E /
" | 1000000 P
‘0
G
. > CusHn r/
Ci6Hi6NO. 167.11
23814 HN N 500000
Ci7H1eN:0s.
34218 0
0 10 20 30 40 50 60 70
Concentration (1g/mL)

Figure 5. Fragmentation pattern of dehydro-AZD

Method validation

The results of accuracy and precision studies are presented in
Table 3; mean concentration values were close to the spiked
concentration of AZD, indicating good recovery. The precision
was indicated by the low values of RSD %. When the obtained
data of accuracy and precision studies were subjected to
ANOVA, the F (observed) at each QC level was lower than the F
(theoretical) at 95% confidence interval, indicating insignificant

Figure 6. Calibration curve of AZD

Table 3. Summary of accuracy and precision of AZD

Amount added (ug/mL) Amount found(pg/mL) Within mean square Between mean square  F value
Day 1 Day 2 Day 3
4478 44.52 44.51
25+20=45 (80%) 4492 4473 44.85
44.92 44.02 44.49 0.0606 01541 2.5438
Mean 44.87 44.42 44.62
+ SD 0.08 0.36 0.20
RSD % 0.18 0.82 0.45
49.33 4912 4915
25+25=50 (100%) 49.06 49.36 49.46
4914 4915 49.82
Mean 4918 49.21 49.48 0.0495 0.0825 1.6673
+ SD 0.14 0.13 0.33
RSD % 0.28 0.26 0.67
54.77 5418 54.83
25+30=55 (120%) 54.69 55.37 54.80
55.05 54.22 5419
Mean 54.83 54.59 54.61 0.2100 0.0546 0.2598
+SD 0.18 0.67 0.36
RSD % 0.34 1.24 0.66

SD: Standard deviation, RSD: Relative standard deviation
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difference of the data of intra- and inter-day precision and
proved the intermediate precision. The DL and QL were 0.43 ug/
mL and 1.32 ug/mL, respectively. In the robustness experiment,
no significant changes were observed in the system suitability
parameters for AZD when minor changes were executed in
the established chromatographic condition, demonstrating the
robustness of the method. AZD was well separated and resolved
from its degradation products; the absence of interfering peaks
at the retention time of the AZD designated specificity.

CONCLUSION

The main conclusions of this work are drawn together and
presented in this section:

e Inthe present work, LC method was stated for the estimation
of AZD in bulk and tablets. The method proved to be simple
and economic as the separation was achieved on a C18
column with the mixture of 25 mM phosphate buffer (pH
3.0) and methanol as a mobile phase in the proportion
of 10: 90% v/v in an isocratic mode, and all the formed
degradation products along with AZD were separated out
within less than 10 min of the run time.

e The method proved to be accurate with satisfactory
precision. No significant alterations in the system
suitability ascertained the robustness of the method. The
acceptable specificity proved the stability-indicating nature
of the method. The method was linear in the range of 10-
60 ug/mL and the assay of the tablet was found to be
100.54%+0.30% of the stated label of AZD.

e The forced degradation trials resulted in the degradation
of AZD under acidic, alkaline, wet heat conditions, and
peroxide-mediated oxidation.

e Hydrolysis is the major degradation pathway for drug
substances with an ester functional group in their structure.
The AZD has two ester groups present at 3 and 5 positions
of the 1,4-DHP moiety, and hence, AZD may be susceptible
to acid, alkali, and wet heat hydrolysis. Further, the pH-
dependent rate of hydrolysis of AZD under acid and alkali
conditions was determined by the chemical kinetic study,
which proved the first-order reaction of AZD under acidic
and alkaline conditions, respectively. The t, , and t,, values
proved that AZD was more susceptible to degrade under
an acidic enviornment than under an alkaline environment.

e Considering the atomization of 1,4-DHP to pyridine derivative
under oxidative conditions, the oxidative degradation
product of AZD was synthesized and confirmed using MS,
which was found as one of the impurities and metabolites
of AZD.

Conflict of interest: No conflict of interest was declared by the
authors. The authors are solely responsible for the content and
writing of this paper.
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ABSTRAC T |

Objectives: This study aimed to determine the effect of Enterococcus faecalis on the cell growth and hyphal formation of Candida albicans and to
understand the exact mechanism of candidal inhibition by the existence of E. faecalis by metabolomic analysis.

Materials and Methods: Single- and dual-species biofilms of E. faecalis and C. albicans were formed in a microtiter plate, and the metabolomic
profiles of both biofilms was determined by gas chromatography-mass spectrometry. The hyphal cell growth of C. albicans after treatment with both
the supernatant and biofilm cells of E. faecalis was examined microscopically. The expression levels of Efgl and the images of C. albicans cell wall
in single- and dual-species biofilms were determined by real-time quantitative polymerase chain reaction and transmission electron microscopy,
respectively. The violacein levels produced by Chromobacterium violaceum were measured to determine the quorum sensing (QS) inhibitory activity
of single- and dual-species biofilms.

Results: The biofilm cell growth, Efgl expression, and hyphal development of C. albicans were inhibited by E. faecalis. Compared to single-species
biofilms, alterations in carbohydrate, amino acid, and polyamine metabolites were observed in the dual-species biofilm for both microorganisms.
Putrescine and pipecolic acid were detected at high levels in dual-species biofilm. A thicker 3-glucan chitin and a denser and narrower fibrillar
mannan layer of C. albicans cell wall were observed in dual-species biofilm. QS inhibitory activity was higher in dual-species biofilm suspensions
of E. faecalis and C. albicans than in their single-species biofilms.

Conclusion: E. faecalis inhibited the hyphal development and biofilm formation of C. albicans. Biofilm suspensions of C. albicans and E. faecalis
showed an anti-QS activity, which increased even further in the environment where the two species coexisted. Investigation of putrescine and
pipecolic acid can be an important step to understand the inhibition of C. albicans by bacteria.

Key words: Dual-biofilm, Candida albicans, Enterococcus faecalis, fungal inhibition, metabolomic

(0'Z

Amag: Enterococcus faecalis'in Candida albicans'in hiicre biiyimesi ve hifal gelisimi Gzerine etkisini degerlendirmeyi ve E. faecalis varliginda candidal
inhibisyonunun ana mekanizmasini metabolomik analizler ile belirlemeyi amagladik.

Gereg ve Yontemler: E. faecalis ve C. albicans'in tek ve ikili biyofilmleri mikroplak iginde gelistirildi ve her iki biyofilmin metabolit profili gaz
kromatografisi-kitle spektrometresi ile belirlendi. C. albicans'in hifal hiicre buyumesi, E. faecalis'in hem sipernatant hem de biyofilm hicreleri ile
muamelesi sonrasinda mikroskobik olarak incelendi. Efgl ekspresyon seviyeleri ve tek ve ikili biyofilmlerdeki C. albicans'in hiicre duvari gérintuleri
siraslyla RT-gPCR ve transmisyon elektron mikroskobu ile belirlendi. Chromobacterium violaceum tarafindan tretilen violacein seviyeleri, tek ve ikili
biyofilmlerin quorum sensing (QS) inhibitor aktivitelerini belirlemek amaciyla 6lguldu.
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Received: 05.08.2020, Accepted: 11.01.2021
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Bulgular: C. albicans'in biyofilm hiicre buyumesi, Efgl ekspresyonu ve hifal gelisimi E. faecalis tarafindan inhibe edilmistir. Tekli biyofilmler ile
karsilastirildiginda, her iki mikroorganizma igin ikili biyofilmde karbonhidrat, amino asit ve poliamin metabolitlerinde degisiklikler goézlenmistir.
ikili biyofilmde putresin ve pipekolik asit yiiksek diizeyde tespit edilmistir. C. albicans hiicre duvarinin daha kalin B-glukan kitin ve daha yogun ve
daha dar fibrillar mannan tabakasi ikili biyofilmde gézlenmistir. E. faecalis ve C. albicans’in ikili tur biyofilm stspansiyonlarinda 6lgtlen QS inhibitér

aktivitesinin tekli biyofilmlerine kiyasla daha yUksek oldugu bulunmustur.

Sonug: E. faecalis, C. albicansin hifal gelisimini ve biyofilm olusumunu inhibe etmistir. C. albicans ve E. faecalis'in biyofilm stispansiyonlari, iki tirin
bir arada bulundugu ortamda daha da artan bir anti-QS aktivitesi géstermistir. Putresin ve pipekolik asitin arastirilmasi, C. albicans’in bakteriler

tarafindan inhibisyonunu anlamak igin 6nemli bir adim olabilir.

Anahtar kelimeler: ikili-biyofilm, Candida albicans, Enterococcus faecalis, fungal inhibisyon, metabolomik

INTRODUCTION

Biofilms formed in non-sterile mucosal sites are polymicrobial,
and interspecies interactions in biofilms vary. They can interact
either in a synergistic or antagonistic manner.™* Candida
albicans and Enterococcus faecalis are frequently found together
in biofilm-related infections.>” They have common features
such as strong biofilm-forming capability that complicates the
treatment of chronic infections, especially infections associated
with foreign bodies.®?

Microbial metabolomics has attracted great attention in
microbiology in recent years.®" To better understand the biofilm
structure of microorganisms, metabolic differences between
planktonic and biofilm forms of the same microorganism have
been investigated, but the results of the polymicrobial biofilm
environment containing multiple species have not been reported
in the literature yet.®

Studies concerning the details of the relationship between C.
albicans and E. faecalis are limited.* Thus, this study aimed to
investigate the interactions at the metabolic level in the dual-
species biofilm model formed by E. faecalis and C. albicans. The
metabolic profile that both cells exhibit alone and in a common
biofilm environment were compared by gas chromatography-
mass spectrometry (GC-MS)-based metabolic analysis. Besides
metabolomics analysis, the effects of each other were also
investigated by several analyses including microscopy, quorum
sensing (QS), and mMRNA expression.

MATERIALS AND METHODS

Microbial strains

E. faecalis ATCC 47077/0GIRF and C. albicans ATCC MYA-
2876 were cultured in brain heart infusion broth (BHD
(Oxoid, Basingstoke, UK) overnight at 37°C. Chromobacterium
violaceum ATCC 12472 was grown in Luria Bertani broth (Merck,
Darmstadt, Germany).

Effect of E. facealis on C. albicans hyphal morphogenesis

C. albicans were cultured in Yeast extract-peptone-dextrose
broth (Merck, Darmstadt, Germany) at 30°C for 24 h. The
inoculum suspension of the cell pellet was prepared in Roswell
Park Memorial Institute Medium (RPMI) as 10° cfu/mL. After the
addition of 1 mL of the inoculum to the wells of cell culture slides,
which were coated with 20% fetal bovine serum (FBS), they
were incubated for 90 min at 30°C. After the incubation period,

the wells were rinsed with phosphate-buffered saline (PBS);
then, RPMI containing 20% FBS and E. faecalis supernatant at a
ratio of 1:1 (v/v) were transferred into wells.

To evaluate the direct effect of E. faecalis cells on hyphal cells,
50 pL of E. faecalis suspension was transferred to C. albicans,
which had previously adhered to slides via incubation for 90
min. Finally, 950 pL of Spider medium containing 20% FBS
was transferred onto slides and incubated at 37°C for 24 h.
To assess the effect of E. faecalis supernatant on the
development of C. albicans hyphal cells, the supernatant of E.
faecalis was used instead of its cell suspension in the same
method above. Slides containing biofilms were rinsed with
PBS, and microscopic images were acquired using an inverted
microscope (Thermo Scientific, MA, USA).

Development of single- and dual-species biofilm models
Inoculum suspensions with final concentrations of ~10° cfu/
mL for E. faecalis and 10° cfu/mL for C. albicans were made in
BHI. Mature biofilms were formed as described previously.”
Our experimental conditions include the biofilm formation of E.
facealis and C. albicans alone and culturing both microorganisms
together.

For the quantification of biofilm cells, plates containing biofilms
were sonicated after 5 min of vortexing, thereby allowing
biofilm cells to break out of the wells.? Tryptic soy agar [(TSA);
Merck, Darmstadt, Germany] and sabouraud dextrose agar
[(SDA); Merck] were used for the enumeration of single-species
E. faecalis and C. albicans biofilm cells, respectively. For the
enumeration of E. faecalis and C. albicans cells in dual-species
biofilms, TSA media with amphotericin B (0.025 mg/mL) and
SDA media with vancomycin (0.100 mg/mL) were used.

Quantitative real-time polymerase chain reaction (PCR)

C. albicans biofilms (single and dual) were harvested as
described above. The mRNA expression changes of Efgl in C.
albicans biofilms were evaluated using qPCR method adopted
from a study.? The sequence of each primer was compared in
C. albicans database using Basic Local Alignment Search Tool
to assess its specifity.*"

Quantification of violacein in single- and dual-species biofilms
The production of purple-colored violacein, which is regulated
by the QS system in C. violaceum, is an easily observable and
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measurable marker and is widely used in QS research!® In
the present study, after obtaining E. faecalis and C. albicans
cells and supernatants in single- and dual-species biofilms
as described above, QS activities were evaluated by slightly
modified violacein measurement analysis according to methods
by Sankar Ganesh and Ravishankar Rai® The amounts of
violacein produced by C. violaceum after separate treatment
with both cell and supernatant solutions of single- and dual-
species biofilms were compared with each other.

Metabolomic analysis

As mentioned above, the biofilms (single and dual) were
formed in 96-well micro plates with minor revisions. Shortly,
C. albicans (10¢ cfu/mL) was attached for 4 h individually. After
transferring E. faecalis (106 cfu/mL) to the culture medium after
4 h, the coculture was incubated at 37°C for 24 h'®

The preparation of samples and GC-MS-dependent conditions
was conducted following methods reported by previous a
study.'¢

Freeze-substitution transmission electron microscopy (TEM)
analysis

TEM analysis was applied as described previously.!” Briefly,
C. albicans biofilm cells were harvested by sonication and
centrifugation as described above. Briefly, the cell pellets were
mixed in 1% agarose and moved to the sample carriers. After
freeze-substitution of the cells in liquid nitrogen, the samples
were embedded in epoxy resin. Ultra-thin sections were
obtained (100 nm thickness). Samples were visualized with a
Hitachi HT7800 TEM.

Statistical analysis
SPSS version 23 (SPSS, Chicago, IL, USA) was used for the
statistical analyses. Groups were compared by Student's t-test.
P values <0.05 were significant, and each test was performed
at least three times.

Ethics committee approval

The authors declared that an ethics committee approval was
not needed for this study.

RESULTS

Effects of E. faecalis supernatant and biofilm cells on C. albicans
hyphal morphogenesis and biofilm development

When grown in the common medium, E. faecalis biofilm
cells prevented the growth of C. albicans cells. However, no
significant change was seen in the growth of E. faecalis (Figure
1. Although it was not statistically significant, C. albicans
biofilm cell counts treated with biofilm culture supernatant of
E. faecalis decreased (Figure 1.

To analyze the influence of both E. faecalis cells and factors
released by E. faecalis on C. albicans hyphal cell formation, C.
albicans biofilms were formed on the slides. At 48 h of mature C.
albicans single-species biofilm formation, a significant number
of hyphal cells were observed (Figure 1b). However, the hyphal

formation of C. albicans cells was inhibited by both E. faecalis
biofilm cells and its supernatant when they were incubated
together (Figure 1c, d).

EFGT gene expression profile in C. albicans
Toresearchtheinhibitory activity of biofilm cells and supernatant
of E. faecalis on C. albicans hyphae formation, Efgl expression in
C. albicans was determined by RT-qPCR. The expression of Efg7
gene in C. albicans was significantly downregulated for both
treatment (p<0.05) (Figure 2).
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Figure 1. Enterococcus faecalis biofilm cells prevent the proliferation and
hyphal development of Candida albicans. a) Proliferation of cells in single-
and dual-species biofilms (cfu/mL). Compared with C. albicans in single-
species biofilm, E. faecalis prevented the proliferation of C. albicans cells in
dual-species biofilm (*p<0.05). Optical microscope images of b) C. albicans
biofilm cells formed in six-well cell culture plate. ¢) C. albicans biofilms
with E. faecalis cells and d) C. albicans biofilms exposed to the supernatant
of biofilm culture of E. faecalis
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Figure 2. Expression of Efg! gene in Candida albicans. It was significantly
downregulated both in the presence of Enterococcus faecalis cells and
in treatment with biofilm culture supernatant of E. faecalis. Statistical
significance (*p<0.05) was relative to untreated C. albicans single-species
biofilm
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Changed metabolite levels in the single- and dual-species
biofilms

In this study, GC-MS-based metabolomic analyses were
performed to understand how the presence of one microbial
species in the dual-species biofilm environment developed
by E. faecalis and C. albicans affects the other at the metabolic
level. A total of 172 different metabolites were determined,
and 112 of them were identified by the index library. Partial
least squares discriminant analysis methods were used for
both multivariate statistical analysis of GC-MS metabolomic
results and the determination of the differences in metabolomic
profiles between single- and dual-species biofilms (Figure 3).
First, statistical analysis of the models was performed using
R2 and Q2 values. All biofilms with values >0.7 show that the
method was valid and the models were stable.

The changed metabolite levels determined in the biofilms
(single and dual) are shown separately in Table 1. No significant
difference was found in the amounts of the remaining
tricarboxylic acid (TCA) cycle intermediates, except for
succinate and citric acid in both biofilms of E. faecalis (Table
1. This result is not surprising considering that E. faecalis
lacks the TCA cycle. C. albicans has lower concentrations
of TCA intermediates in the dual-species biofilm than in the
single-species biofilm (Table 1). Levels of maltose, glucose, and
leucrose were high in C. albicans biofilm alone. The existence of
E. faecalis in the same environment caused a significant decline
in the amounts of these metabolites.

When comparing both biofilms (single and dual, the
concentrations of valine, leucine, glycine, methionine, threonine,
and phenylalanine were significantly reduced, specifically for E.
faecalis, and a decrease in the level of tyrosine was also notable
for C. albicans. Putrescine and pipecolic acid concentrations in

the dual-species biofilm remained significant, which are the
most promising results of this study.

Changes in Candida cell wall architecture in single- and dual-
species biofilms

The cell wall biomass was significantly different in dual-species
biofilm including the thicker B-glucan-chitin layer and the more
dense and narrower fibrillar layer of mannan, when compared
with the cells in biofilm alone (Figure 4).

Measurement of violacein in single- and dual-species biofilms
The amount of violacein produced by C. violaceum was
determined in single- and dual-species biofilms formed by E.
faecalis and/or C. albicans (Figure 5). Compared with untreated
media containing only C. violaceum (control), C. violaceum
produced less violacein after separate treatment of E. faecalis
and C. albicans single- and dual-species biofilms with both
supernatant and cell culture suspensions. When single- and
dual-species biofilms of both microorganisms were compared,
C. violaceum, which was treated with both cell and supernatant
suspensions of the dual-species biofilms, produced less
violacein for all test conditions, except for the supernatant of
E. faecalis.

DISCUSSION

Infections are often considered and treated as a condition caused
by a single microorganism; however, in several microorganisms,
coexistence of many human microbiome members is observed.
These microorganisms live together harmoniously under
physiological conditions. Many environmental factors may
disrupt this balance; consequently, single or several species
become dominant in the environment.'®

Discrimination of metabolomic profiles
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Figure 3. a) PLS-DA score graphs of single- and dual-species biofilm of Candida albicans for metabolomic profile comparison. b) PLS-DA score plots show
clear separation between Enterococcus faecalis and its dual-species biofilm. c) PLS-DA score plots demonstrate apparent distinction with C. albicans and its
dual-species biofilm. Each circle represents the sharp metabolomic distinction in the biofilms

PLS-DA: Partial least squares discriminant analysis
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Table 1. Relative metabolite amounts in the biofilms of Enterococcus faecalis or Candida albicans

Metabolites Ef-Ca/Ca Ef-Ca/Ef Pathways
Tricarboxylic acid cycle
Citric acid 0.09*** | 395% i
Fumaric acid 0.49* I 158** i
Lactic acid 0.38** V-
Malic acid 2% T
Ketoglutaric acid 5.42%* T
Oxalic acid 0.4 Vo- Carbohydrate metabolism
Pyruvic acid - -
Succinate 0.45* I 03 |
Maltose 0.49* VN i i
Glucose 0.29** V-
Leucrose 0.49* I 543 i
Amino acid metabolism
Cysteine 0.21** I 0.44* !
Serine 0.15*** | 04% !
Threonine - 0.33** !
Aspartate 2.05** T
Glutamic acid 2.37** o163 i
Proline 0.40** 041 !
Tyrosine 0.06*** V-
Valine - 0.36** !
Leucine - 0.33** I
Alanine 0447 | o045 | Amino acid metabolism
Glysine - 0.40** I
Methionine - 0.37** I
Lysine - -
Tryptophan - -
Phenylalanine - 0.43** I
Metabolism of nitrogen-containing compounds
Urea - 0.45* I
Ornithine 8.74%** T
Ornithine-arginine 7.33%** T Nitrogen metabolism
Creatine - 0.43** !
Other metabolisms
Putrescine 9.99*** T 3.38*** i
Polyamine metabolism
Pipecolic acid 24.2%** T 1410%** i
Ethanolamine - 3.09** i
Glycerol-1-phosphate - 9.37*** i Lipid metabolism
Glycerol - 2.53** i

*Compared with dual-species biofilm, the metabolite level was significantly changed in single-species biofilm, *p<0.5, **p<0.05, ***p<0.001
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Figure 5. Quantitative measurement of violacein in both single- and dual-
species biofilms. Asterisks indicate significance (p<0.05). A significant
decrease was shown for all test conditions compared with the control

In this study, the effect of the interaction between E. faecalis
and C. albicans on biofilm formation was investigated based
on microscopy and metabolomics. The results revealed that
in dual-species biofilms, the proliferation of E. faecalis is not
affected by the presence of C. albicans; however, the existence
of these species in the same environment has an antagonistic
effect on the growth of C. albicans (Figure 1). Compared with
controls, the reduction of the production of violacein, which
provides QS signal communication in C. violaceum treated by
single-biofilm cells of C. albicans, also indicates the presence
of a molecule that provides C. albicans-induced anti-QS activity
in the environment.

In this study, compared with the untreated C. albicans cells, the
number of C. albicans hyphal cells decreased when treated with
cell suspension or supernatant of E. faecalis biofilm (Figure 2).
Therefore, both E. faecalis cells and factors released into the
medium have been found to inhibit the hyphal development of
Candida. Similar to this finding, in recent studies, bacterial-
fungal cooccurrence has been reported to have an antagonizing
effect on Candida cell growth. A study that investigated the

interference between C. albicans and Lactobacillus species
showed that C. albicans did not grow on the surface of the
vaginal mucosa because of the lactic acid produced by the
Lactobacillus species! The coexistence of Staphylococcus
aureus and C. albicans in the biofilm environment leads to a
substantial increase in the attachment and colonization abilitity
of S. aureus. Thus, S. aureus can use C. albicans hyphal cells as
a scaffold to the development of a biofilm.%

In this study, the coexistence of E. faecalis and C. albicans in
the biofilm model developed may have supported the formation
of an anaerobic environment because of increased oxygen
consumption. Under this condition, Candida relies on the
glycolytic pathway to produce energy. No significant difference
was found in the single- and dual-species biofilms of E. faecalis
in glucose consumption. The elevated levels of maltose and
leucrose in the dual-species biofilm are thought to be caused
by the existence of C. albicans. The bacteria within the biofilm
are exposed to various environmental conditions, causing the
population to be highly heterogeneous in terms of oxygen
content.? Fox et al.?2 showed that the hypoxic nature of C.
albicans biofilms supports the growth of anaerobic bacteria that
share the same environment.

Compared with C. albicans alone, reduced amounts of citric acid,
fumaric acid, and oxalic acid in the dual-species biofilm indicate
that C. albicans need more energy in the presence of E. faecalis.
A study reported that a-ketoglutarate dehydrogenase, a TCA
cycle enzyme, is suppressed by Efgl, which is a crucial factor
for the hyphal development of C. albicans.?®* The downregulation
of Efgl in C. albicans obtained in our study may have led to the
suppression of a-ketoglutarate dehydrogenase, which may lead
to the transition of C. albicans into the glyoxylate cycle. Thus,
it can be a reason for the accumulation of large amounts of
ketoglutaric acid and malic acid in the dual-species biofilm.

Glycerol metabolism is an important pathway for the synthesis
of lipids and (lipo) teichoic acids in E. faecalis. Lipids, one of
the main membrane components, are needed for energy
accumulation.? E. faecalis has increased lipid-related metabolite
synthesis when grown with C. albicans. This increase indicates
the greater need for lipid-related cell membrane products such
as phospholipids and/or lipoteichoic acids in E. feacalis.

Putrescine, an important polyamine in cellular survival, does
not support cell proliferation in low amounts; by contrast, the
overabundant quantity of internal cells led to the inhibition of
cell proliferation.?>? In this study, one of the most important
differences was the concentration of putrescine. Compared
with C. albicans biofilm alone, it enhanced approximately by 10-
and 3.4-fold in dual-species biofilm and E. faecalis, respectively.
In our previous study, the high level of putrescine detected in
the dual-species biofilms formed by C. albicans and Proteus
mirabilis supports our current data

Another interesting result of our study was that the pipecolic
acid level increased by 24- and 14-fold for C. albicans and E.
faecalis in dual-species biofilm environment when compared
with both C. albicans and E. faecalis single biofilms, respectively.
The naturally occurring alkyl derivatives of pipecolic acid
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(piperidine-2-carboxylic acid) are structural components of
many biologically active compounds.?’ Detailed studies have
also shown that the organic compound pipecolic acid is an
osmoprotectant and plays a role in protecting macromolecules
from denaturation. In the osmoregulation stages, which are
generally the same in all living organisms, the first stage is
the accumulation of potassium and glutamate, followed by
the accumulation of small organic compounds by intracellular
synthesis or uptake by external media.?® In our study, higher
levels of sugars such as maltose and leucrose in the dual-species
biofilm than E. faecalis biofilm alone may have been a threat for
E. faecalis because of increased osmolarity. E. faecalis may have
synthesized pipecolic acid known to be an osmoprotectant to
deal with this threat. The synthesis of bacterial pipecolic acid
is a byproduct during the catalysis of the proline amino acid,
which may explain the low level of proline in the dual-species
biofilm obtained from our study.

The alterations in the yeast cell wall as an adaptation to osmotic
stress have been highlighted in the literature.?” We detected the
more dense and shorter mannan layer and thicker p-glucan-
chitin layer in Candida cell wall grown in dual-species biofilm
than in the single-species biofilm. In both cases, alterations in
the cell wall of C. albicans are similar to those in cells with and
without salt-induced osmotic stress in the study of Ene et al.?’
This strengthens the possibility of increased osmotic stress in
the dual-species biofilm environment.

Compared with the single-species biofilm of both
microorganisms, significant decrease was observed in many
amino acid levels in the dual-species biofilm. This reduction
in amino acid levels in the dual-species biofilm shows that
anabolic reactions are dominant for both species to grow,
develop, and multiply. Clearly, amino acid synthesis is required
for C. albicans biofilm development

CONCLUSION

The metabolite diversity of both microorganisms, which was
affected by each other by increasing the cellular stress due to
high carbohydrate consumption, more energy needs, etc., was
demonstrated in our results. The high levels of putrescine and
pipecolic acid synthesized as osmoprotectant by both species
may have suppressed the growth of Candida. This study provided
preliminary data for a detailed investigation of the possible role
of putrescine and pipecolic acid in the prevention of C. albicans
via bacterial species.
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Objectives: The present study aimed to develop and validate a discriminative dissolution method for tetrahydrocurcumin (THC), a Biopharmaceutical
Classification System class Il drug, by a simple ultraviolet (UV) spectrophotometric analysis. The final dissolution medium composition was
selected based on the solubility and stability criteria of the drug.

Materials and Methods: As a prerequisite for this, the solubility of the drug was assessed in media of different pH (1.2-7.4), and surfactant
concentrations of 0.5-1.5% (w/v) sodium lauryl sulfate (SLS) in water, and pH 7.4 phosphate buffer. The dissolved drug concentration in each
medium was quantified by UV analysis at 280 nm wavelength.

Results: The drug solubility was found to be high at a pH of 1.2 and 7.4. The media with surfactant enhanced solubility of the drug by approximately
17-fold and exhibited better sink conditions. The discriminative power of the developed dissolution medium (i.e., 1% w/v SLS in pH 7.4) was
determined by performing in vitro dissolution studies of the prepared THC tablets and comparing their release profiles using fit factors (f1 and f2).
The results of the fit factor comparisons made between the dissolution profiles of THC tablets proved the discriminative ability of the medium. The
validation of the developed dissolution method was performed by international guidelines and the method showed specificity, linearity, accuracy,
and precision within the acceptable range.

Conclusion: The proposed dissolution method was found to be adequate for the routine quality control analysis of THC, as there is no specified
dissolution method for the drug in the pharmacopoeia.

Key words: Tetrahydrocurcumin, sodium lauryl sulfate, solubility, dissolution medium, dissolution comparison, fit factors
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Amag: Bu galisma, bir Biyofarmasotik Siniflandirma Sistemi sinif [l ilaci olan tetrahidrokurkumin (THC) igin basit bir ultraviyole (UV) spektrofotometrik
analiz ile tayinini saglayacak bir dissolusyon ydntemi gelistirmeyi ve dogrulamayi amaglamistir. Nihai dissoltsyon ortami bilesimi, ilacin ¢éztndrlik
ve stabilite kriterlerine gore segcildi.

Gereg ve Yontemler: Bunun igin bir n kosul olarak, ilacin ¢6zunurligu suda ve pH 7,4 fosfat tamponunda farkli pH (1,2-7,4) degerlerinde ve %0,5-1,5
(a/h) sodyum lauril silfat (SLS) ylzey aktif madde konsantrasyonlarinda degerlendirildi. Her bir ortamdaki ¢6zinmus ilag konsantrasyonu, 280 nm
dalga boyunda UV analizi ile dlgulmustur.

Bulgular: ilag ¢ézinurluginin pH 1,2 ve 7,4'te yiksek oldugu bulundu. Yizey aktif madde iceren ortam, ilacin ¢ézintrlugiini yaklasik 17 kat artirdi
ve daha iyi sink kosullari sergiledi. Gelistirilen ¢ziinme ortaminin ayirt edici giicti (pH 7,4'te %1 w/v SLS), hazirlanan THC tabletlerinin in vitro
¢dzinme galismalari yapilarak ve uygunluk faktorleri (f1 ve f2) kullanilarak salim profillerinin karsilastirilmasi yoluyla belirlendi. THC tabletlerin
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¢dzinme profilleri arasinda yapilan uyum faktord karsilastirmalarinin sonuglari, ortamin ayirt etme kabiliyetini kanitlamistir. Gelistirilen ¢6ziinme
yonteminin validasyonu uluslararasi kilavuzlar kullanilarak gergeklestirildi ve yontem kabul edilebilir aralik iginde 6zgulluk, dogrusallik, dogruluk ve

kesinlik gosterdi.

Sonug: Farmakopede ilag igin belirlenmis bir dissoltsyon yéntemi olmadigindan dnerilen dissoliisyon yéntemi THC'nin rutin kalite kontrol analizi

igin yeterli bulunmustur.

Anahtar kelimeler: Tetrahidrokurkumin, sodyum lauril silfat, ¢oztnurlik, ¢zinme ortami, ¢6zinme karsilastirmasi, uyum faktorleri

INTRODUCTION

In recent years, significant attention has been paid to
nutraceuticals, as they are advantageous over synthetic
drugs having many pharmacological actions with little or no
toxic effects. However, the bioavailability of nutraceuticals
is often compromised due to their poor aqueous solubility.
Many formulation methods have been proposed to enhance
the solubility and bioavailability of these hydrophobic entities.
Dissolution testing is an important quality control tool to
identify the effects of manufacturing variability on product
performance and to ensure batch to batch equivalence.? In this
context, there is an utmost need for a suitable and validated
dissolution method for analyzing the nutraceutical formulations
which endorses the development.

The choice of a medium for the dissolution studies of class Il
drugs of the Biopharmaceutical Classification System (BCS) is
critical, and developing a suitable dissolution media has always
been a challenge because of the hydrophobicity exhibited by
the drugs of this class. More importance should be given to the
solubility factor of a drug while designing a dissolution method.
The medium used should be able to homogenously solubilize
the drug for an accurate quantification of the released amount
from the total drug dose of the dosage form at each time
interval. On the other hand, the solubility of a drug is directly
or indirectly dependent on many variables like the pH of the
medium, temperature, log P, pK_, and ionic behavior of the drug.?
Maintaining large aqueous sink conditions, alteration of pH, and
addition of co-solvents or surfactants are a few approaches that
have been adopted in the development of a dissolution medium
for poorly soluble drugs.* Addition of surfactants is preferred
widely as they enhance the solubility of hydrophobic drugs
by reducing the surface tension of the medium, increasing
the wetting of the drug, and by micellar solubilization [above
critical micelle concentration (CMC)] in the media. Although bile
salts in the gastro-intestinal (GI) system acts as surfactants
that help in solubilization of the drug in vivo, use of these bile
salts externally for routine in vitro analysis is not possible
as they are expensive. Hence, the use of surfactants in the
dissolution medium may serve well as a reliable alternative to
mimic Gl conditions.> Among the different surfactants, anionic
surfactants, like sodium lauryl sulfate (SLS),*® and non-ionic
surfactants, like polysorbate-80, were commonly used by the
researchers.”

Moreover, the medium chosen to perform the in vitro dissolution
studies of drug formulations should be discriminative enough
to differentiate drug release patterns and help in identifying the

formulation and process variables that affect the release of the
drug from the dosage form during the initial stages of product
development.!" For this purpose, the in vitro dissolution profiles
of different batches of the formulation are often compared
to understand the similarities or differences in the release
pattern. Various statistical methods like analysis and calculated
by a least square regression method and analysis of variance
(ANOVA), model-dependent, and model independent approaches
are being adopted to compare the dissolution profiles.?"
Determination of fit factors, which include difference factor (f1)
and similarity factor (f2), are one of the effective and feasible
model independent methods of dissolution comparison. The
Food and Drug Administration (FDA) also recommends the use
of these fit factors for dissolution comparison in the guides for
industry !4

The natural herb curcumin [(1E,6E)-17-Bis(4-hydroxy-3-
methoxyphenyD-1,6-heptadiene-3,5-dione] falls under the
category of nutraceuticals, and tetrahydrocurcumin [(THC),
1,7-Bis(4-Hydroxy-3-Methoxyphenyl)Heptane-3,5-Dione]
is one of the active metabolites of curcumin that exhibits
similar pharmacological actions.”” THC showed potent anti-
inflammatory and antioxidant effects while compared to other
curcuminoids.'® It inhibits the amyloid precursor protein based
on QSAR studies and has the potential to be utilized to treat
Alzheimer's disease!” The bioavailability of THC is limited due
to its poor solubility and absorption. The aqueous solubility
of these drugs is low, and hence, it is classified into class Il
of BCS.2% The role of pH and surfactants in the dissolution
of curcumin was previously studied by Rahman et al.?" In the
present study, an attempt was made to develop a suitable
dissolution medium for in vitro analysis of THC by employing
a surfactant to enhance its solubility and to maintain the sink
conditions. To the best of our knowledge, no previous study
on the dissolution medium development for THC has been
done. The solubility of THC in different pH media and in the
presence of anionic surfactant SLS was studied, and the effect
of different media on the solubility of the drug was assessed.
The discriminative power of the developed dissolution medium
was determined by comparing the dissolution profiles of the
prepared THC tablets using fit factors (f1 and f2).

MATERIALS AND METHODS

Materials

THC was a gift sample from Sami labs (Bangalore, India).
SLS, disodium hydrogen phosphate, sodium dihydrogen
phosphate, sodium acetate trihydrate, hydrochloric acid, and
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glacial acetic acid were purchased from Himedia (Mumbai,
India). Microcrystalline cellulose [(MCC), Avicel PH 102, FMC
biopolymer, USA] and polyvinyl pyrrolidone (Povidone K 30,
BASF, Ludwigshafen, Germany) were purchased from Signet
chemical corporation Pvt. Ltd. (Mumbai, India). Sodium starch
glycolate (SSG), magnesium stearate, and talc were purchased
from Amishi drugs and chemicals Pvt. Ltd. (Ahmedabad, India).

Media preparation for dissolution studies

The buffer solution of pH 1.2 [0.1 N Hydrochloric acid (HCD] was
prepared by dissolving 8.5 mL of concentrated HCl in 1000 mL
of purified water. The acetate buffer of pH 4.0 was prepared
by transferring 362 mL of 0.2 M glacial acetic acid + 148 mL
of 0.2 M sodium acetate solution into a volumetric flask, and
the volume was made up to 1000 mL with purified water. For
the preparation of phosphate buffers, 0.2-M sodium dihydrogen
phosphate (NaH,PO,) and 0.2-M disodium hydrogen phosphate
(Na,HPOQ,) solutions were prepared initially. Then 255 mL of
0.2-M NaH,PO, + 245 mL of 0.2-M Na,HPO, and 100 mL of 0.2-
M NaH,PO, + 400 mL of 0.2-M Na,HPO, were mixed to obtain
buffer solutions of pH 6.8 and 7.4, respectively. The pH of the
solutions was adjusted with NaOH or acetic acid, and final, they
volume was made up to 1000 mL with a purified water.

Formulation of THC tablets by direct compression method
THC tablets were prepared in our lab since no commercial THC
tablets are available in the market yet. The tablets were prepared
using MCC, Avicel PH 102 as filler, polyvinyl pyrrolidone
(Povidone K-30) as a binder, and SSG as a disintegrating agent.
Magnesium stearate and talc were used as an antiadhesive
agent and glidant. Three different tablet batches: TF1, TF2, and
TF3 with three different concentrations of binder (5%, 7.5%, and
10% w/w) were formulated to determine the effect of binding
strength on drug release and to evaluate the discriminative
ability of the dissolution medium in identifying formulation
changes among the three tablet batches. The amount of drug
was equivalent to 100 mg in every tablet, and the total tablet
weight was 200 mg (Table 1.

Before preparing the tableting mixtures, all the materials were
sieved manually through a sieve with a mesh size of 0.595
mm. The weighed quantities of the drug, filler, disintegrant,
and binder were mixed in a polybag for 10 min. Finally,

magnesium stearate and talc were added to the initial mixture
and blended for 3 min. A total of 100 tablets from each batch
with a 8.7-mm diameter and 4.6-mm thickness were produced
by the direct compression method using Rimek minipress |
(Karnavati engineering Ltd., Ahmedabad, India). All tablets were
compressed with a constant compression pressure of 12 kN.

Determination of mechanical strength of the tablet

The mechanical strength or crushing strength of the prepared
tablets was determined by using the tablet testing apparatus
(Model DHT-250, THERMONIK, Campbell electronics, Mumbai,
India).

Determination of critical micellar concentration

The micelle formation is an intrinsic property of a surfactant
which plays a major role in the solubilization of the drug. The
two generally accepted models explaining the aggregation of
surfactant monomers into micelles are the “mass-action model”
and the “phase-separation model”, and the concentration of
surfactant at which the micelles are formed (CMC) is dependent
on many factors.???> The CMC of SLS in water and pH 7.4
phosphate buffers (PB) were determined by dye solubilization
and drop number methods prior to the solubility studies of the
drug in these media. In the former method, eosin Y was added
to various concentrations of SLS (0.25-2% w/v) prepared in
water and pH 7.4 PBs, and shaken for 24 hr at 37°C. The residue
was filtered, and the absorbance of the resultant solutions was
measured at 542 nm (A__ of eosin Y) using a ultraviolet (UV)-
visible spectrophotometer (Shimadzul650PC, Tokyo, Japan).
The obtained absorbance values were plotted against the
concentrations of a surfactant expressed in millimoles (0.009-
0.069 mM/mL: 0.25-2% w/v).?* The surface tension of the
surfactant solutions prepared in water and pH 7.4 PBs were
also determined by the drop number method using the following
equation:

n d
o w4
Yw n;  dw

where y, y, and y,, y,, are surface tensions of the liquid in
test and water (71.97 dynes/cm), ny, ny,and n, nare number
of drop counts for water and liquid, and d, d, and d,,, d,,, are the
densities of liquid and water.

Table 1. Composition of prepared tetrahydrocurcumin tablets showing weight in mg of excipients per tablet for a total average tablet

weight of 200 mg

TF1 TF2 TF3

Ingredients Weight per tablet (mg)  w/w % Weight per tablet (mg) w/w %  Weight per tablet (mg) w/w %
THC 100 50% 100 50% 100 50%
Avicel PH 102 80 40% 75 37.5% 70 35%
Sodium starch glycolate 6 3% 6 3% 6 3%
Povidone K-30 10 5% 15 7.5% 20 10%
Magnesium stearate 2 1% 2 1% 2 1%
Talc 2 1% 2 1% 2 1%

THC: Tetrahydrocurcumin
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A plot of surface tension vs. log concentrations of surfactant in
millimoles (-2.665 to -1.158 mM/mL equivalent to 0.25-2% w/v)
was made to determine the point of micelle formation in both
the media.®

Solubility study of pure THC

To assess the role of pH and surfactant in the solubility of
THC, the equilibrium solubility of the drug was determined
in dissolution media of different pH (1.2-7.4) and 0.5-1.5%
(w/v) SLS in water (pH 5.5) and PB (pH 7.4). Excess of drug
(approximately 50 mg) was poured into 20 mL of each of the
media and were kept over the shaker at 37°C and shaken for 2
hr. Then, 2 mL of samples were withdrawn at the end of 1 h and
2 h, filtered (0.45 p pore size cellulose esters membrane filter,
Millipore Corp., Billerica, MA, USA) and diluted in methanol.
The concentration of the dissolved drug in each medium was
determined by measuring the absorbance and correlating it
with the standard concentration curve of THC built using a UV-
visible spectrophotometer (Shimadzu 1650PC, Tokyo, Japan)
at a corresponding wavelength of 280 nm (A__ of THC). The
solubility parameter was kept as one of the main criteria for
selecting the composition of the dissolution medium.

Dissolution method validation for the analysis of THC tablets
The developed dissolution method was validated by evaluating
specificity, accuracy, precision, linearity, filter suitability, and
stability.

Specificity

Specificity testing was done to demonstrate the absence of
interference of excipients or dissolution medium with the drug
response at 280 nm. For this purpose, the solutions of placebo
(excipients without drug), placebo with drug, and reference
standard was prepared and analyzed in a UV spectrophotometer
(Shimadzu 1650PC, Tokyo, Japan).

Accuracy and precision

The accuracy of the method was determined by the recovery
test of a known amount of THC added to the placebo. An
initial stock solution was prepared in methanol, and the final
concentrations of 4.8, 6, and 7.2 yg mL" in dissolution medium
were obtained corresponding to 80%, 100%, and 120% of the
nominal assay concentration. The samples were analyzed in
triplicate on different days. The same solutions were used to
evaluate the precision of the method. Repeatability and inter-
day precision were evaluated based on the relative standard
deviation (RSD) of the results.

Linearity

Aliquot of a stock solution containing 100 pug/mL of THC was
prepared in methanol. It was then transferred into 25 mL
volumetric flask and diluted with dissolution medium to obtain
final concentrations of 2, 4, 6, 8, and 10 yg mL" and analyzed
in a UV spectrophotometer (Shimadzu 1650PC, Tokyo, Japan).
The solutions were analyzed in triplicate, and the linearity was
evaluated by linear regression ANOVA.

Filter suitability

Generally, the filters used in the dissolution sample preparation
must be evaluated to verify that it does not adsorb the drug
and is adequate enough to filter the excipients which would
otherwise interfere with drug analysis. The standard and
sample drug solutions with a final concentration of 6 pg mL"
prepared in the dissolution medium were used to carry out the
test. The sample solutions were prepared using the placebo.
Both the reference and sample solutions were subjected to
filtration through a 0.45-p pore size cellulose esters membrane
filter (Millipore Corp., Billerica, MA, USA), and recovery of the
drug after passing through the filters was assessed. For a filter
to be acceptable, the recovery must be within 98-102%.227

Standard and sample solution stability

The stability of THC in the dissolution medium was evaluated to
demonstrate that the drug solution created during the dissolution
test is stable over the period of dissolution and analysis of the
samples. For this purpose, both the standard and sample were
subjected to dissolution in the developed dissolution medium
at 37+0.5°C for 2 h to obtain a final concentration of 10 ug mL"
solution. The samples were assayed at O h at room temperature
(25+2°C), and after 24 and 48 hr at both room and refrigerator
temperature (8+2°C). The assay was performed in triplicate and
observed for any change in the absorbance values as indicates
the degradation of the drug. The acceptable assay range to
confirm the sample and standard stability is 98-102%.®

In vitro dissolution study of pure THC and tablet formulations
The dissolution of pure THC and in vitro release studies of the
prepared THC tablets in the developed dissolution medium were
performed using USP |l rotating paddle apparatus (Electrolab
TDT-08L, Mumbai, India). The dissolution study of the pure
drug was carried out by filling 100 mg of pure THC into the
hard gelatin capsules (capsule size two) and allowing it to sink
in each of the dissolution media with the help of sinkers. The
dissolution flask was filled with 900 mL of each dissolution
medium, and the temperature was maintained at 37°C. The
speed of paddles was set at 50 rpm, and the distance between
the paddle and bottom of the flask was 25 mm. The same
conditions were maintained to study the dissolution of prepared
THC tablets in the developed dissolution medium. Six tablets of
uniform weight were chosen from each batch (TF1, TF2, and
TF3), and the study was carried out for 2 h. The samples were
collected at 5, 10, 15, 30, 45, 60, 90, and 120 min. A total of 5
mL sample was withdrawn at each time interval and replaced
with a fresh dissolution medium to maintain the sink condition.
The collected samples were filtered (0.45-p pore size cellulose
esters membrane filter, Millipore Corp., Billerica, MA, USA) and
the amount of drug released, and the cumulative percentage of
the drug released was determined by UV spectrophotometric
analysis at 280 nm. The method was repeated thrice (n=3).

Discriminating test on a developed dissolution medium

The discriminative power of the developed dissolution medium
was determined by comparing the dissolution profiles of
the prepared THC tablets. Model independent approach of



SHIEK ABDUL KADHAR MOHAMED EBRAHIM et al. Tetrahydrocurcumin Dissolution Method 569

dissolution comparison was used to differentiate the in vitro
release profiles of the tablets. The difference factor (f1) and
similarity factor (f2) were determined using the following
equations:%

= 1(Re=Tp)
Difference factor (f1) = # x 100

Similarity factor (f2) = 50log{[ 1+ = X*_;(R. = T)*|™** x 100},

where n is the number of time points, R, and T, are the dissolution
values of the reference, and test formulations at time t.

No statistical method was used in this study.

RESULTS

Determination of mechanical strength of the tablet

The hardness of the tablets increased with the increase in binder
concentration due to increased interparticular bonding. The
tablets with lowest binder concentration (5% w/w) exhibited
an average crushing strength of 31.30 N, whereas those of
intermediate (7.5% w/w) and highest (10% w/w) concentrations
exhibited 46.06 N and 61.74 N, respectively.

Determination of critical micellar concentration

From the dye solubilization study, it was observed that the
solubility of the dye gradually increased below CMC, and a
sharp increase was observed at 0.017 mM (0.5% w/v) of SLS
in water media, whereas the maximum solubility of the dye was
at 0.035 mM (1% w/v) of SLS in pH 7.4 buffer (Figure 1a). The
concentration of the surfactant showing maximum solubility of
the dye indicated CMC. Surfactants tend to reduce the surface
tension of the solutions. The surface tensions of the aqueous
and buffer solutions gradually decreased with increasing
concentration of SLS below CMC. A sudden drop in surface
tension was seen at -1.76 mM (0.5% w/v) in aqueous solution.
On the other hand, this drop in surface tension was observed at
-1.46 mM (1% w/v) of SLS in PB of pH 7.4, indicating the CMC
(Figure 1b).

Solubility study of pure THC

The solubility of the drug was high at an acidic pH of 1.2
(113.4+3.41 pg/mL) and a basic pH of 7.4 (88.54£4.5 pg/mL), and
the drug exhibited less solubility at an intermediate pH of 6.8
which was only 66.7+5.05 pg/mL after 2 h of study (Figure 2a).
A previous stability study on curcumin and its metabolites in
various pH conditions indicated that THC was more stable in
basic pH conditions than acidic.*32 On the basis of the available
stability information, further evaluation of drug dissolution in
the presence of surfactants was carried out in a PB of pH 7.4,
though the solubility of drugs seems to be slightly higher in
an acidic pH of 1.2 than a pH 7.4. A substantial increase in the
solubility of the drug was observed when tested in media with
a surfactant. The dissolution of the drug increased with an
increase in surfactant concentrations in both media (e.g., from
617.67+6.55-808.33+5.31 pg mL", 933.0+4.08-998.33+6.94 ug
mL", and 1746.33+£5.31-1944.70£4.92 ug mL" in water; and from

589.33+4.50-714.00+5.35 pg mL", 1228.33+4.92-1271.67+5.73 g
mL" and 1421.00+5.35-1572.33+5.79 ug mL" in pH 7.4 PB saline
(PBS) (Figure 2b). The high initial solubility of THC at 0.5% w/v
SLS in an aqueous surfactant medium relative to pH 7.4 PB was
due to micelle formation and attainment of CMC at low levels of
surfactant in water. However, CMC of SLS in pH 7.4 PB was
attained only at 1% w/v, which led to a high solubilization of the
drug at this surfactant concentration in a PB than in water. The
increase in solubility of the drug above CMC in both media is
due to the increase in the micelle aggregation with an increase
in the amounts of a surfactant.?® From the experimentally
determined CMC and solubility data, it was observed that the
CMC of SLS reached below 1.5%. Thus, 1% SLS in pH 7.4 PB
was chosen as a suitable dissolution medium. The results are
subjected to statistical analysis of ANOVA, and the standard
error is incorporated in the solubility graph (Figure 2).

Dissolution method validation

Specificity

The specificity test demonstrated that there was no interference
of the excipients and the dissolution medium in the quantitative
determination of THC at 280 nm. There was no change in the

UV spectrum of the drug in the presence of excipients used
for tablet preparation. This indicates that the developed UV
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Figure 1. Experimental CMC values of SLS in water and pH 7.4 phosphate
buffer determined by (a) dye solubilization method and (b) surface tension
method.
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Figure 2. (a) Solubility profiles of pure tetrahydrocurcumin (THC) at 1 h
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spectrophotometric method may be used for an assay of THC
in dissolution studies.

Accuracy and precision

The accuracy of the method is evaluated by the recovery of the
known amount of drug added to the placebo. The recommended
recoveries in the dissolution tests should be in the range of
95-105%. The mean recoveries of the drug for three different
concentrations on different days were in the range 99.50-
99.78%, which demonstrated the accuracy of the method. The
recovery results are presented in Table 2. The inter-day and
intra-day precisions were also evaluated for three different
concentrations (4.8, 6.0, 7.2 yg mL™) in two days. For a method
to be precise, the RSD should be low (i.e., <2%. From the
results, the RSD was found to be <2%, which demonstrated
good precision of the method (Table 3).

Linearity

The linearity of the THC calibration curve for the concentration
range of 2-10 pyg mL' was evaluated by a least square
regression method and analyzed by ANOVA. The results
showed good linearity, and the regression equation obtained
was y=0.031x+0.028. The correlation coefficient was found
to be 0.9996. Analysis by ANOVA showed significant linear
regression (p<0.05), and no significant deviation from the
linearity.

Filter suitability

The average percentage recoveries of the standard and sample
solutions after filtration were found to be within the range of
98-102%. This showed the absence of any interference of the
filter used in the analysis of the drug and that the filter used is
suitable for the routine sample preparation in the dissolution
test.

Standard and sample solution stability

The stability test of both standard and sample solutions
showed that the drug is stable in the dissolution medium for
a period of 48 h at both 25+2°C (room temperature) and 8+2°C
(refrigerated conditions).This indicates that the drug did not
form any degradation products in the dissolution medium (1%
SLS in pH 7.4 PBS). The results of the stability test are shown
in Table 2.

In vitro release study of pure THC and tablet formulations

The dissolution of pure THC in different dissolution media was
found to be solubility dependent. The cumulative percentage of
the drug that released in pH 1.2, 4.0, 6.8, and 7.4 was 40+1.8,
30+4.7, 23.8+2.67, and 35.3+2.6, respectively, at the end of 120
min (Figure 3a). The percentage of drug dissolved was found
to be linearly dependent on the surfactant concentration, and a
maximum drug release of 93+3.2% and 92+2.8% was seen in
1.5% w/v of SLS in water and pH 7.4 PBS, respectively, at the
end of 120 min (Figure 3b).

The release study of three tablet formulations TF1, TF2, and
TF3in 1% w/v SLS in pH 7.4 PB showed varying drug release
profiles. The prepared THC tablets differed in the amount of
binder, the effect of which was reflected on their drug release
pattern. Formulations TF1, TF2, and TF3 showed an initial
drug release of 87.3+2.14%, 73.16+2.49%, and 64.6+2.04%,
respectively in the first 5 min of the study (Figure 3c). The
overall release of a drug from tablet formulations was found to
be retarded with an increase in the binder concentrations. As
is evident from the hardness test, the crushing strength of the
tablets increased as the amount of the binder increased. This
caused a delay in the disintegration of the tablets, and hence,
the formulations with higher binder concentrations showed a
slow-release rate of the drug.

Discriminating test on a developed dissolution medium

The release profiles of formulations TF1, TF2, and TF3 were
compared choosing four time points (5, 15, 60, and 120 min)
of the drug release curve, and the fit factors (f1 and f2) were
determined. Two release profiles were said to be similar when
the value of difference factor (f1) is between O and 15, and
that of similarity factor (f2) is between 50 and 100433 From
the fit values, the release profile of formulation TF3 was found
to be different from TF1 and TF2, and a slight similarity was
observed between TF1 and TF2 (Table 3). Though similarity
was observed between formulations TF1 and TF2 in terms of
f2, which was at a border value of 51.61, a noticeable difference
existed in the cumulative percentages of the drug released at
initial time points of the study. This showed that the medium
was able to differentiate the release rates of the prepared THC
tablets.

Table 2. Stability data of tetrahydrocurcumin showing assay concentration of the drug in percentage at different storage temperatures

and time periods

ﬁ]‘it?a: 10 g L At 24 h At 48 h

Standard Sample Standard Sample Standard Sample
Room temperature (25+2°C) 100.0% 100.0% 100.0% 99.76% 99.75% 99.65%
Refrigerator (8+2°C) 100.0% 100.0% 100.21% 100.0% 100.14% 99.75%

Table 3. Fit factor values obtained from the drug release comparison of tetrahydrocurcumin tablets

Fit factors TF1/TF2 TF2/TF3 TF1/TF3
f1 12.50 15.18 26.74
f2 51.61 41.29 33.52
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Figure 3. (a) Dissolution profiles of tetrahydrocurcumin (THC)-filled
capsules in solutions of pH 1.2-7.4 (n=3). (b) Dissolution profiles of THC
filled capsules in water and pH 7.4 containing 0.5-1.5% w/v sodium lauryl
sulfate (n=3). (¢) Cumulative percent drug release profiles of the prepared
THC tablets in 900 mL of 1% w/v SLS in pH 7.4 PBS at 50 rpm (n=3)

PBS: Phosphate buffer saline

DISCUSSION

In the past decade, dissolution testing has undergone
much transition in its application and value. Based on FDA
guidance, dissolution test is applied as a surrogate marker
for bioequivalence test along with quality control** On the
other hand, there is very little published on the application
of a dissolution in the development and testing of natural
and nutraceutical products. Recently, there is lot of attention
given for the nutraceutical product development because of its
proven pharmacological actions.®" The present investigation
was focused on the development of a discriminative dissolution
medium, and its validation may serve as a reliable medium for
quality assessment of THC formulations.

The initial CMC determination aimed to assess the contribution
of surfactant in the solubility of the THC. The results of CMC
determination by the drop number method was in agreement
with those of the dye solubilization method. The critical
concentration for micelle formation of the surfactant was low
in aqueous solutions whereas it had increased in pH 7.4. This
is due to the presence of ions, which would have reduced the
aggregation and formation of micelles at lower concentrations
of SLS in pH 7.4 buffers.®

The increase in solubility of the drug in media with SLS was
apparently due to the micellar solubilization of the drug by the
surfactant. Surfactants are generally employed in developing
the dissolution media of low soluble class Il drugs to maintain
sink conditions, and the required surfactant concentration

depends on its CMC to solubilize 85% of the drug. The usual
concentrations of SLS being used in the dissolution media are
between 0.1 and 3%.%4° Apart from solubility of the drug, the
suitability of a dissolution medium depends on the stability of
the drug in the medium. Considering the stability of the drug,
and on the basis of solubility data, 1% SLS in a pH of 7.4 PBS
was chosen as a suitable dissolution medium for THC.

Further in vitro release test of the prepared THC tablets was
performed in 900 ml of 1% w/v SLS in pH 7.4 PB with a paddle
speed of 50 rpm, and the release profiles were compared.
Generally, a paddle speed of 50/75 rpm was used to carry out
the in vitro release studies of tablets by USP Il paddle method.
However, the dissolution medium may become indiscriminative
when paddles are rotated at a higher agitation rate.?*2 Hence
release studies were carried out at low agitation speed of 50
rpm to produce the steepest drug release profiles. The rate
of release of the drug from each tablet formulation differed
owing to the effect of the binder on a mechanical strength and
disintegration of the tablets.

To elucidate the discriminative power of the medium, the
dissolution curves of THC tablets were compared using the
fit factors (f1 and f2). The release curves of THC tablets were
compared at three different release time points before and
one point after 85% of drug dissolution from all the tablets as
per FDA guidelines.”® The difference or similarity observed
between the release profiles of THC tablets was due to changes
made in the formulation composition, and the developed
dissolution medium was able to discriminate this. Further
plasma absorption studies of THC formulations are required to
establish reliable in vitro-in vivo correlation, and confirm the bio
relevance of the medium.

CONCLUSION

Dissolution is crucial for low water-soluble compounds,
because the absorption of these molecules is limited by their
dissolution rate. In the case of THC, dissolution is an important
rate-limiting step for absorption, so developing a suitable
dissolution medium is necessary to predict differences in the
bioavailability of the THC formulations.® In the present study,
the dissolution method for THC by UV spectroscopy was
developed and validated. The results suggest that the pH of the
medium and micellar aggregation of a surfactant in aqueous
and ionic solutions influence the solubility of the drug. The final
conditions for the dissolution test are 900 ml of 1% SLS in pH 7.4
PBS at 37+0.5°C as a dissolution medium using USP apparatus
[l with a paddle speed of 50 rpm. The validation showed that the
developed dissolution method is appropriate for quantification
of THC. The release profiles comparison of prepared THC
tablets by a model independent approach and the determination
of fit factors showed that 1% SLS in pH 7.4 is a discriminative
dissolution medium. Considering this, it may be concluded that
the developed dissolution method is simple, cost effective, and
adequate for the routine quality control analysis of THC, since
there is no official monograph and validated method available.
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ABSTRACT

Objectives: Ephedra nebrodensis (Ephedraceae) presents a wide range of biological activities. It is used to treat respiratory problems and hepatic
pathologies in traditional medicine. The aim of this study is to evaluate the antioxidant, in vitro and in vivo anti-inflammatory and analgesic properties
of two hydro-alcoholic extracts of E. nebrodensis in mice.

Materials and Methods: The antioxidant capacity of hydro-methanolic (HM) and hydro-ethanolic (HE) extracts of E. nebrodensis was evaluated via
assays of their superoxide radical scavenging capacity and ferrous ion chelating activity. The in vitro anti-inflammatory activity of the extracts (5,
10, and 20 mg/kg) was also determined using the bovine serum albumin denaturation test. Croton oil-induced ear edema was then employed to
evaluate the in vivo anti-inflammatory effect of the extracts (200 and 400 mg/kg). Finally, the analgesic activity of the extracts (200 and 400 mg/
kg) was determined by the acetic acid-induced torsion test.

Results: The hydro-alcoholic extracts of E. nebrodensis present significant antioxidant activity. The HE and HM could inhibit protein denaturation by
82.99%+20.21% and 56.25%+2.12%, respectively. The extracts (HM and HE) also show strong anti-inflammatory effects in vivo and could reduce
ear edema by 70.37%+2.00% and 72.22%+1.94%, respectively. The HM extract (72.51%+2.43%) demonstrates greater pain inhibitory effects than
HE (70.76%z+2.58%).

Conclusion: The hydro-alcoholic extracts of E. nebrodensis produce antioxidant, anti-inflammatory, and analgesic effects. These results confirm the
traditional use of the herb in the treatment of various diseases.

Key words Ephedra nebrodensis, anti-inflammatory activity, analgesic test, antioxidant capacity, hydro-alcoholic extracts

(0 |

Amag: Ephedra nebrodensis (Ephedraceae) bitkisinin ¢ok gesitli biyolojik aktivitesi bulunmaktadir. Geleneksel tipta solunum problemlerini ve
karaciger patolojilerini tedavi etmek igin kullanilir. Bu ¢alismanin amaci, in vitro ve in vivo (farelerde) kosullarda E. nebrodensis'in iki hidro-alkollu
ekstresinin antioksidan, anti-inflamatuvar ve analjezik 6zelliklerini degerlendirmektir.

Gereg ve Yontemler: E. nebrodensis’in hidro-metanolik (HM) ve hidro-etanolik (HE) ekstrelerinin antioksidan kapasitesi, stiperoksit radikal stiptrme
kapasiteleri ve demirli iyon selatlama aktivitelerinin belirlenmesi ile degerlendirildi. Ekstrelerin (5, 10 ve 20 mg/kg) in vitro anti-inflamatuvar
aktivitesi de sigir serum albiimin denatiirasyon testi kullanilarak belirlendi. Daha sonra ekstrelerin (200 ve 400 mg/kg) in vivo anti-inflamatuvar
etkisini degerlendirmek igin kroton yagi ile indiiklenen kulak 6demi modeli kullanildi. Son olarak ekstrelerin analjezik aktivitesi (200 ve 400 mg/kg),
asetik asit ile induklenen kivranma testi ile belirlendi.

Bulgular: E. nebrodensis'in hidro-alkolik ekstreleri, énemli antioksidan aktiviteye sahiptir. HE ve HM, protein denatiirasyonunu sirasiyla %82,99+%?20,
21 ve %56,25+%2,12 oraninda inhibe edebilir. Ekstreler (HM ve HE) ayrica in vivo olarak guglu anti-inflamatuvar etkiler gosterir ve kulak édemini
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sirasiyla %70,37+%2,00 ve %72,22+%1,94 oraninda azaltabilir. HM ekstresi (%72,51+%2,43) HE'den (%70,76+%2,58) daha yiiksek analjezik aktiviteye

sahiptir.

Sonug: E. nebrodensis'in hidro-alkolik ekstreleri, antioksidan, anti-inflamatuvar ve analjezik etkiler tretir. Bu sonuglar, bitkinin gesitli hastaliklarin

tedavisinde geleneksel kullanimini dogrulamaktadir.

Anahtar kelimeler: Ephedra nebrodensis, anti-inflamatuvar aktivite, analjezik test, antioksidan kapasite, hidro-alkolik ekstreler

INTRODUCTION

Inflammation is a reaction of the immune system in response
to external pathogens or injury to cells and tissues. The local
coronary system, the immune system, inflammatory cells,
mediators, and cytokines are implicated in this process.
Macrophages play an important role in the production of
numerous cytokines, reactive oxygen and nitrogen molecules,
and growth factors and chemicals, such as lipopolysaccharides
(LPS), which are organic mediators of inflammatory stimuli.
Pain is a sign of tissue lesions due to mechanical, chemical,
or physical stimulation. Pain perception is controlled by the
neurosensory system and afferent nerve lanes in response
to potential damage.? Pain stimulates the production of
substances called pain mediators, such as histamine,
bradykinin, leukotriene, and prostaglandin;? these substances
activate pain receptors that channel the stimulus through to
the brain via nerve points with numerous synapses through the
spinal cord, bone marrow, and midbrain. Pain relief is achieved
by a class of drugs known as analgesics. Despite their many
benefits, however, analgesics also present a number of adverse
side effects, including gastric ulcer.?

Over the last few years, the use of medicinal plants as potential
therapeutic agents for the treatment of pain and inflammation
has generated great interest. Ephedra (Ephedraceae), a genus
of non-flowering grained plants,* includes approximately 67
species and is principally found in desert zones across Asia,
Europe, North Africa, and North America.® Over 145 organic
molecules have been isolated from Ephedra, included alkaloids,
polysaccharides, flavonoids, and tannins.® Ephedra is known
to show anti-asthmatic,” anti-inflammatory,® antiproliferative,’
hypoglycemic,® antioxidant,” and weight-reduction'™ properties.

Research on Ephedra nebrodensis is scarce. Sureka et al’
for example, showed that the aerial part of E. nebrodensis has
cardio-protective effects. Short-term low-dose consumption of
the hydro-ethanolic (HE) extract of Ephedra major has shown
protective effects in cirrhotic patients.

The ethanol:acetone extract of E. nebrodensis Tineo exhibits
antihistaminic, adaptogenic, and antinociceptive activities.® The
data reported by Shah et al'® suggest that the ethanol:acetone
extract of E. nebrodensis has preventive effects against the
cardio-toxicity induced by doxorubicin.

To date, however, no study describing the anti-inflammatory
and antinociceptive effects of E. nebrodensis has yet been
published. In this research, we studied the in vitro antioxidant
and anti-inflammatory properties, the in vivo anti-inflammatory
effect, and the analgesic activity of hydro-methanolic (HM) and
HE extracts of the aerial parts of E. nebrodensis.

MATERIALS AND METHODS

Plant materials

The aerial parts of E. nebrodensis were collected in May
2017 from the mountains of Nafla, Commune de Hidoussa,
Batna, Algeria. Species identification was conducted by Prof.
Laouer Hocine (Laboratory of Natural Resources Valorization,
Department of Biology and Vegetal Ecology, University of Setif
1, ELlBez, 19000, Algeria). A plant specimen was deposited in the
herbarium of the Laboratory of Botany of the Faculty of Natural
and Life Sciences, University of Setif 1 (no: SNV004/20). The
collected samples were dried in the shade in open air for 7 d.

Test animals

Two-month-old mice weighing 22-29 g were purchased
from Institut Pasteur d'Algérie, Algiers. The animals were
acclimatized in the pet shop at a temperature of 25-27 °C,
relative humidity of 50-62%, and light/dark cycle of 12 h
prior to the start of the experiments. All animal experimental
protocols performed in this study were approved by the Ethics
Committee of the Algerian Association of Sciences in Animal
Experimentation (http://aasea.asso.dz/articles/) under Law No.
88-08/1988, which describes guidelines for veterinary medical
activities and animal health protection (N° JORA: 004/1988).

Preparation of extracts

Approximately 100 g of the aerial part of E. nebrodensis in powder
form was extracted with methanol (85%) and ethanol (70%).
The samples were macerated for 72 h at room temperature
prior to extraction. The sample/solvent mixtures were filtered,
and the filtrates obtained were evaporated in an evaporator to
eliminate the solvent. The residues were then dried in the oven
to obtain crude HM and HE.”

Determination of antioxidant capacity by alkaline dimethyl
sulfoxide (DMSO) assay

Scanning capacity was established by the superoxide anion
(produced in a non-enzymatic solution) assay with alkaline
DMSO assay.”® Test mixtures consisting of 0.03 mL of NBT (1
mg/mL), 0130 mL of alkaline DMSO (0.02 g of NaOH/100 mL
of DMSO), and 0.04 mL of the crude extracts or standard were
prepared and incubated for 5 min. The absorption of the solutions
was then determined at 560 nm. The scavenging capacity of the
samples was evaluated according to the following formula:

[% inhibition] = [(A_, - A)) / Al x 100
where A is the absorbance of the sample and A is the
absorbance of the control.

Determination of iron-chelating activity
The ability of the extracts to chelate iron and inhibit the
formation of the Fe?*-ferrozine complex was tested.” Briefly, 40
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pL of ethylenediamine tetraacetic acid (EDTA) or the samples
was added to 40 pL of FeCl, (0.2 mM) and 0.04 mL of methanol.
Five minutes later, the complexation reaction was initiated via
the addition of 0.08 mL of ferrozine (0.5 mM) and allowed to
proceed for 10 min at ambient temperature. The absorption
of the Fe?-ferrozine complex produced was measured at 562
nm, and chelating ability was calculated in terms of inhibition
percentage according to the following equation:

Fe? chelating effect (%) = [(A. - A / A =100

where A is the absorbance of the test sample and A_ is the
absorbance of the control sample.

Determination of in vitro anti-inflammatory activity

In vitro anti-inflammatory capacity was evaluated according to
the method of Karthik et al.2® with slight modifications. Briefly,
100 pL of different doses of the extracts or diclofenac was
treated with 1 mL of 0.2% bovine serum albumin (BSA) solution
prepared in Tris-HCl (pH: 6.6) and then kept in the oven for 15
min at 37°C. Thereafter, the solutions were placed in a water
bath for 5 min at 72°C. The chilling turbidity of the solutions was
determined at 660 nm by spectrophotometry. Blanks containing
1 mL of extract and 1 mL of Tris-HCl were prepared for each
extract concentration.

Determination of in vivo anti-inflammatory activity by the
croton oil-induced ear edema method

The anti-inflammatory properties of HM and HE from E.
nebrodensis were tested via the croton oil-induced ear edema
method according to Manga et al.?!

The internal surface of the right ear of five groups of mice
with a mean weight of 24.815+1.66 g was treated with 15 pL
of acetone: water solution (1:1) containing 80 pg of croton oil
as an irritant to induce skin inflammation. The same volume
of solution without croton oil was applied to the left ear.
The experimental mice were orally administered different
concentrations of the extracts 1 h after croton oil application,
the positive control group received 50 mg/kg indomethacin,
and the negative control group received distilled water. Ear
thickness was evaluated with a digital caliper 6 h after edema
induction.??

The mice were randomized into six groups, each of which
included six mice.

Negative control group: Received distilled water.

Positive control group: Received indomethacin (50 mg/kg).
Groups Al and A2: Received 200 and 400 mg/kg HE,
respectively.

Groups B1 and B2: Received 200 and 400 mg/kg HM,
respectively.

The percentage of edema inhibition was defined in relation

to the control group, which received the croton oil solution,
according to the following formula:

Inhibition % = (D D /D ) x 100

Control - Treated Control
where D is the difference in edema thickness in the control
group and D, is the difference in edema thickness for the
reatment

treated groups.

Determination of in vivo analgesic activity by the acetic acid-
induced writhing test

Analgesic activity against acetic acid-induced pain was
evaluated according to the method described by Koster et al.?®
The negative control group was given distilled water orally, the
treatment groups were given a single dose of 200 or 400 mg/
kg HM or HE orally, and the positive control group was given
100 mg/kg aspirin. The mice were then injected with acetic acid
(0.6%, 10 mL/kg) intra-peritoneally. The number of twitches
exhibited by each mouse was counted at 5 min intervals for 30
min. The percentage of pain inhibition was determined using
the following equation:

Inhibition % =100 x (C_-C)/C_

where C__is the average number of twitches in the negative
control group and C_ is the average number of twitches in
groups given various doses of HM or HE extracts or aspirin.

Statistical analysis

The results of the in vitro test were expressed as mean *
standard deviation, while the results of the in vivo experiments
were expressed as mean + standard error of the mean. Results
were evaluated by One-Way analysis of variance and Dunnett’s
test by using GraphPad Prism (version 5.01). P<0.05 was
regarded as statistically significant.

RESULTS

Antioxidant capacity

The capacity of the extracts to capture superoxide anion radicals
was examined in our study. According to the results shown in
Table 1, the scavenging ability (IC,)) of HE (1.84+0.46 ug/mL)
was significantly greater (p<0.001) than those of ascorbic acid
(759116 pg/mL) and a-tocopherol (31.52+2.22 pg/mL). HM
showed effects (7.81£0.28 ug/mL) comparable with those of
ascorbic acid.

All samples showed moderate chelation ability for Fe?* (Table 1.
Compared with other samples, HE appeared to be a more active
chelator, and the IC,  of HE (168.12+1.13 ug/mL) was greater than
that of HM (174.60+4.28 pg/mL). Neither extract appeared to be
a more powerful Fe?* chelator than the EDTA positive standard
(8.80£0.47 ug/ mL) in the present test system.

In vitro anti-inflammatory activity

The in vitro anti-inflammatory effect of the E. nebrodensis
extracts was evaluated via the BSA denaturation method, and
the results are presented in Figure 1. HE could inhibit BSA
denaturation in a dose-dependent manner and demonstrated a
maximum inhibition rate of 82.99% at a dose of 20 mg/mL. HM
inhibited protein denaturation by 56.25%. Diclofenac at a dose
of 5 mg/mL inhibited inflammation by 99.82%.

Anti-inflammatory effects against croton oil-induced ear edema
The anti-inflammatory effects of HE and HM on ear edema
induced by croton oil are presented in Figure 2. Edema was
inhibited by the extracts in a dose-dependent manner, and the
highest dose of the extracts demonstrated the most significant
activity. HM and HE reduced ear edema with maximum
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Figure 1. In vitro anti-inflammatory effect of hydro-alcoholic extracts of
Ephedra nebrodensis. Data are presented as mean + SD (n=3). *P<0.05
compared with the diclofenac group, ***P<0.001 compared with the
diclofenac group.

HE: Hydro-ethanolic extract (70%), HM: Hydro-methanolic extract (85%), DIC:
Diclofenac group 5 g/kg, SD: Standard deviation, BSA: Bovine serum albumin
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Figure 2. Effects of Ephedra nebrodensis on inflammation in Swiss albino
mice (n=6; W: 24.815+1.66 g). Inflammation was induced by applying 15 pL of
acetone:water solution (1:1, v:v) containing 80 pg of croton oil to the internal
surface of the right ear. The same volume of solution without croton oil
was applied to the left ear. After 1 h, the mice were orally administered the
extracts. Ear thickness was measured after 6 h. The results are expressed
as mean + SEM. P>0.05 compared with 50 mg/kg indomethacin

HE: Hydro-ethanolic extract (70%), HM: Hydro-methanolic extract (85%), IND:
Indomethacin (50 mg/kg), SEM: Standard error of the mean

inhibition percentages of 72.22% and 70.37%, respectively, at a
dose of 400 mg/kg. This effect is statistically similar to that of
indomethacin (78.49%).

Antinociceptive effects against acetic acid-induced pain

The results presented in Figure 3 show that administration
of 200 and 400 mg/kg E. nebrodensis extracts exerts a
protective effect against pain caused by acetic acid. HM and
HE demonstrated good analgesic activity with inhibition rates
of 63.74% and 59.06%, respectively, when administered at a
dose of 200 mg/kg. Higher doses of HM and HE (400 mg/kg)
resulted in higher pain inhibition rates of 72.51% and 70.76%,
respectively. These effects are similar to that of aspirin at 100
mg/kg (7914%). No significant difference between the effects
of the extracts at different concentrations and the standard
(aspirin) was observed.

DISCUSSION

Herbal medicines are widely acknowledged to represent a
beneficial approach for the treatment of many types of human
diseases. Numerous sources have documented the ethno-
pharmacological use of herbs by many populations since
ancient times.?* Phytochemicals are ubiquitous compounds
found in herbs that provide a wide range of benefits, such as
anticancer, antibacterial, anti-inflammatory, antidiabetic, and
antioxidant activities.?® In this study, we report the antioxidant,
anti-inflammatory (in vitro and in vivo), and analgesic effects of
E. nebrodensis extracts on a mouse model.

HE demonstrated stronger in vitro antioxidant activity compared
with HM. Hamoudi et al! used 2,2-diphenyl-1-picrylhydrazy!
and 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)
assays to show that an ethyl acetate fraction of E. nebrodensis
exhibits potent antioxidant properties.

The superoxide radical scavenging activity of our extracts may
be related to their contents of flavonoids and polyphenols,
which are major contributors to the antioxidant potential of
the aerial parts of E. nebrodensis. Good correlations between
the antioxidant effect and polyphenol and flavonoid contents
of various plant extracts have been well established in the
literature 2627

The results obtained in this work indicate that HE and HM
are strongly able to chelate Fe?. Previous research found no

Table 1. Superoxide radical scavenging and metal-chelating activities of Ephedra nebrodensis

0% DMSO alkaline

Fe?  ion chelating ability

Extracts/standard

Inhibition % at 200 pg/mL IC,, (ug/mL)® Inhibition % at 200 pg/mL IC,, (ug/mL)
HM 94.86+0.10° 7.81+£0.28¢ 54.55+0.84¢ 174.60+4.28¢
HE 9417+0.01° 1.84+0.46¢ 55.73+0.63¢ 168.12+1.13¢
EDTA® - - 95.87+0.06 8.80+0.47
Ascorbic acid® 94.28+1.12 7.59+116 - -
a-tocopherol® 96.54+0.10 31.52+2.22 - -

°IC,, values correspond to the mean + standard deviation of three simultaneous measures, “Standard compounds, “p<0.001. HE: Hydro-ethanolic extract, HM: Hydro-
methanolic extract, DMSO: Dimethyl sulfoxide, EDTA: Ethylenediamine tetraacetic acid
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Figure 3. Effects of hydro-alcoholic extracts of Ephedra nebrodensis on
peripheral nociception in Swiss albino mice (n=6; W: 27+5 g). Peripheral
antinociceptive activity was determined by the acetic acid-induced writhing
test. The results are expressed as mean + SEM. P>0.05 compared with 100
mg/kg aspirin

HE: Hydro-ethanolic extract (70%), HM: Hydro-methanolic extract (85%), Asp: Aspirin
100 mg/kg, SEM: Standard error of the mean

relationship between phenolic level and Fe?*-chelating activity.?®
This result suggests that the iron-chelating effect of the extracts
may be attributed to the existence of other antioxidants that
able to chelate metal ions, such as phosphoric acid, carnosine,
acid citric, amino acids, protein, and ascorbic acid.?

Protein denaturation refers to changes in the structure
of proteins as a result of altered hydrogen, hydrophobic,
electrostatic, and disulfide bonds. The majority of proteins loses
their biological activities following denaturation and generates
auto-antigens, leading to a series of autoimmune dysfunctions,
such as inflammatory and rheumatoid disorders. Thus, drugs
that could inhibit the denaturation of proteins are regarded
as essential anti-inflammatory agents.®® The in vitro anti-
inflammatory effect of the hydro-alcoholic extracts observed in
this work indicates that the extracts could preserve the three-
dimensional profile of proteins that control the production of
auto-antigens. This finding may be explained by the presence
of phytochemicals, such as flavonoids and phenals, in Ephedra.

Croton oil is often used as an inflammatory agent3' The oil
activates phospholipase A2, which induces the secretion of
arachidonic acid from the cell membrane. This compound is
then metabolized to prostaglandins and leukotrienes.3> Dermal
exposure to croton oil can cause reactive oxygen species
production and an inflammatory skin response resembling that
occurring during contact dermatitis.®34

Analogues of ephedrine, which consist mainly of ephedrine,
ephedrroxane, and pseudoephedrine, have potent in vivo
anti-inflammatory capacity, which has been attributed to the
blockage of prostaglandin E2 biosynthesis.3 Kim et al.*¢ found
that ephedranin A and ephedranin B in Ephedra root extracts
have anti-inflammatory effects. These substances can impede
the transcription of IL-1f and TNF-a and block the inflammation
induced by LPS. These substances could also inhibit the
translocation of NF-kB and phosphorylation of p38 kinase in
mitogen-activated protein.

Acute inflammation reactions are manifested by the formation
of swelling and infiltration of leukocytes into the inflamed tissue.
The chemicals released by resident cells promote the alteration
of vascular permeability and, in turn, the formation of edema.
Sequential processes and activities between the endothelium
and inflammatory tissue cells (principally neutrophils) then lead
to the development of inflammatory cells at the tissue.>"*®

We noted that the E. nebrodensis extracts and indomethacin,
which was used as a positive control, similarly inhibited the
formation of atrial edema. Anti-inflammatory effects may be
achieved through various mechanisms of action, including
inhibition of histamine release, 5-lipooxygenase, complement
and elastase functions***° Many studies have attributed the
anti-inflammatory properties of phenolic compounds to their
antioxidant activity .44

In acetic acid assay, it is apparent that abdominal muscle pain
is not a specific pattern and involuntary abdominal muscle pain
may be due to its similarities to some of the known visceral
pain patterns.®® Activation of prostaglandins, histamines,
serotonin, lipooxygenases, cyclooxygenases, and endogenous
cytokines (e.g., IL-8 and IL-1B) in peripheral tissues is activated
by acetic acid injection into the abdominal cavity of mice.*
These substances penetrate the dorsal horn of the central
nervous system and stimulate primary nociceptors, resulting
in enzyme pain and torsion disorder.”> In our experiment, the
hydro-alcoholic extracts significantly (p<0.001) and dose-
dependently reduced the number of acetic acid-facilitated
abdominal contractions or torsions manifested by the mice.
This finding clearly indicates that the anti-nociceptive effect
produced by the extracts prevents the endogenous synthesis of
inflammatory substances or directly inhibits their receptors.*

The peripheral analgesic capacity of the different extracts
studied in this work may be due to the phenolic compounds and
alkaloids produced by the plant. These compounds are known to
be responsible for the analgesic properties of other medicinal
plants, such as Jasminum amplexicaule and Elephantopus
tomentosus.“"4®

CONCLUSION

This study reports for the first time the antioxidant and anti-
inflammatory activities of hydro-alcoholic extracts (i.e., HE
and HM) of E. nebrodensis. The extracts exhibited excellent in
vitro antioxidant activity, as determined by superoxide radical
scavenging and metal chelation assays. The extracts also
demonstrated significant in vitro anti-inflammatory effects,
with inhibition rates of 56-82%.

The plant extracts studied in this work demonstrated important
in vivo anti-inflammatory effects, as well as moderate analgesic
activity, in mice. Further phytochemical characterization of the
active compounds responsible for these biological activities
is necessary to improve the understanding on the mechanism
through which E. nebrodensis reduces inflammation and pain.
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ABSTRACT |

Objectives: Lead (Pb) is one of the most common heavy metals which contaminate the environment. People may be exposed to Pb by inhaling the
contaminated air droplets and dust particles through drinking water or eating contaminated foods such as vegetables grown in lead-contaminated
soils. This study aimed to examine the changes in Pb levels measured in roadside plant and soil samples that have been exposed to heavy traffic
for years.

Materials and Methods: Sixty-three articles were searched using keywords from different databases. Twenty-five of the scanned articles were
found to be relevant for the determined criteria. The Pb levels were evaluated according to the previously measured Pb levels in plant and soil
samples collected from the roadside by years.

Results: In the data collected from databases over the years, it was observed that there was a decrease in Pb accumulation in both soil and plant
samples. Pb levels were higher in industrial cities and metropolitan areas than in rural areas.

Conclusion: In ealier studies, Pb levels have often been found to exceed safety limits. This may be due to the Pb added to gasoline in the past, as
well as the low sensitivity of analytical methods used for measurement. The decrease over the years has been interpreted as the use of unleaded
gasoline after 2004, taking essential measures to improve air quality and at the same time increasing the sensitivity of analytical methods.

Key words: Heavy metal, herbal, plant, highway, roadside, lead
(5Z

Amag: Kursun (Pb), cevreyi kirleten yaygin elementlerden birisidir. insanlar, kontamine olmus hava damlaciklarini ve toz pargaciklarini soluma
yoluyla, igme suyuyla veya Pb ile kirlenmis topraklarda yetisen sebzeleri yiyerek Pb'ye maruz kalabilir. Trafik hareketliliginin yogun oldugu yol
kenarlarinda yetisen bitki ve topraklarda 6lgilen Pb duzeylerinin yillara gore degisiminin incelenmesi amaglanmistir.

Gereg ve Yontemler: Farkli veri tabanlarindan anahtar kelimeler kullanilarak 63 makale taranmistir. Taranan makalelerin 25'i belirlenen kriterlere
uygun bulunmustur. Yol kenarinda yasayan bitki ve toprak 6rneklerinde 6lgtlen Pb duizeyleri yillara gére degerlendirilmistir.

Bulgular: Yillar iginde toplanan verilerde hem toprak hem de bitki 6rneklerinde Pb birikiminde azalma oldugu gérulmustir. Sanayi sehirlerinden ve
metropollerde Pb seviyeleri kirsal bolgelere gére daha ytiksek bulunmustur.

Sonug: Daha dnceki galigsmalarda, Pb seviyelerinin gogunlukla glvenlik limitlerini astigi tespit edilmistir. Bu durum, énceki zamanlarda benzine katilan
Pb nedeniyle olabilecegi gibi ayni zamanda 6lgim igin kullanilan analitik yontemlerin hassasiyetlerinin dusik olmasiyla da iliskilendirilebilmektedir.
Yillara gore azalmanin ise 2004 yilindan sonra kursunsuz benzin kullanilmasi, hava kalitesinin artirilmasi igin 6nemli tedbirlerin alinmasi ve ayni
zamanda analitik ydntemlerin hassasiyetinin yikselmesi olarak yorumlanmistir.

Anahtar kelimeler: Agir metal, bitkisel, bitki, otoyol, yol kenari, kursun
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INTRODUCTION

Chemical substances form the core of our world for both the
living systems and the environment. When produced, used, and
managed appropriately, the chemicals make things easy and
benefit our everyday needs. However, chemicals may also be
a significant threat to the living systems and the ecosystem in
some circumstances. In 2010, the World Health Organization
(WHO) published areport onten chemicals or groups considered
major public health concerns. WHO listed them as air pollution,
arsenic, asbestos, benzene, cadmium, dioxin, and dioxin-like
substances, inadequate or excess fluoride, lead (Pb), mercury,
and highly hazardous pesticides. There are several heavy
metals on the list, including Pb!

Environmental pollution has been a primary global health
concern since the early phases of the industry. This issue is
getting more threatening and becoming much more critical
day by day. Heavy metals are accepted as one of the primary
sources of environmental pollution. Thanks to technological
developments, actions are being taken to diminish the hazardous
effects of these pollutants using environmentally-friendly
solutions, such as abandoning the use of Pb in gasoline.? Due
to the high usage of heavy metals in technological equipment,
their existence in living systems is inevitable. When the
amount exceeds the acceptable ranges, heavy metals can be
accumulated in organisms.

Heavy metal accumulation has become a predominant problem
for the world, especially in developing countries, and it may
cause several harmful effects on humans, animals, plant
species, and the environment itself.®> Contaminated soil can
be a critical source for heavy metal exposure due to farming,
agriculture, horticulture, and animal breeding. Roadside soils
should also be a focus because many people, especially in the
rural regions, collect, and consume plant substances growing
on the roadside. Therefore, it is necessary to estimate harmful
substances’ qualitative and quantitative content, particularly
heavy metals in the soil.#

Heavy metal can be considered the naturally occurring metallic
elements with densities higher than 5 g/cm?, equal to more than
five times that of water, and relatively high atomic numbers.2®
Several definitions had been proposed for heavy metals. The
Oxford English Dictionary indicates that the oldest definition in
the scientific literature of heavy metal is “those metals with
an elemental density above 7 g/cm®”.® More specific definitions
have been published, but none of these have been widely
accepted. Ali and Khan® defined heavy metals as naturally
occurring metals having an atomic number greater than 20 and
an elemental density greater than 5 g/cm®.

Heavy metal exposure results in toxicities and tissue damages
with various symptoms. Toxic effects vary depending on the
amount and route of exposure and personal characteristics like
age, gender, hereditary characteristics, and eating habits of the
exposed individual.?®

Heavy metal contamination is caused by exhaust gases
from industrial activities, motor vehicles, chemical and
pharmaceutical manufacturings, and fertilizers and pesticides
used for agricultural purposes, eventually leaking into the

soil. The contamination of heavy metals in the soil is harmful
because of their non-biodegradable nature; they may persist
and accumulate in the soil for many years. Additionally, as
the soil's heavy metal content increases, the amount is taken
up by the plant also rises.?® The United States Environmental
Protection Agency (US EPA) and the International Agency for
Research on Cancer classify arsenic, cadmium, chromium, Pb,
and mercury as probable or known human carcinogens.

This study focused on the Pb accumulation levels throughout
the years because of their high content in the roadside plants
and soils.> Pb is naturally occurring in the environment and is
one of the most important and commonly contaminated heavy
metals. It has an atomic number of 82 and a molecular weight
of 207.2 u.®> According to the US EPA, Pb is a naturally occurring
element found in small amounts in the earth’s crust. It causes
severe toxicities besides some beneficial impacts.’

People may be exposed to Pb by inhaling the contaminated air
droplets and dust particles, exhaling the household paintings,
drinking contaminated water, or ingesting contaminated food
such as vegetables grown in Pb-contaminated soils.?

Pb shows its toxic effects by particular mechanisms after
entering the systemic circulation in the body. It may interfere
with the enzymes by binding their amide and sulfhydryl groups
and inhibiting their action. It competitively binds to the sites of
some essential elements like calcium and alters their activities.
Also, it induces oxidative stress generating reactive oxygen
species. Oxidative stress is a widely known toxicity mechanism
for its role in cellular damage.®

The central nervous system is the primary target for Pb toxicity,
which results in headaches, memory deficits, attention deficits,
or hallucinations. In addition, studies report that Pb poisoning
causes neurobehavioural and intelligence-related damages in
children. Furthermore, Pb exposure is a significant problem
for pregnant women, including possible preterm labor and
post-natal complications in the child because it may cross the
placental barrier.?

In this study, a literature review was conducted by collecting
data from 25 studies regarding the Pb accumulation in the
roadside plants and soils from several different regions in
Turkey between 2001 and 2020. Then, Pb levels’ changes
throughout the years were examined, and possible reasons
beneath them were discussed.

MATERIALS AND METHODS

In this study, 63 articles about heavy metal accumulation in
plants and soil were searched. All studies about heavy metal
accumulation included Pb but other heavy metals were varied.
The study targeted the roadside plants and soil. Heavy metal,
herbal, plant, highway, and roadside keywords were used while
searching the articles. Initially, articles throughout the world
were read, then narrowed down to studies from Turkey. The
articles that did not examine Pb, not collected samples at the
roadside, and were not studied in Turkey were eliminated.
Twenty-five articles were left to be put on the tables.
Table 1 shows Pb accumulation in plants (fruit and leaves).
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Table 1. Lead content and its safe limit in different plant samples of different regions in Turkey

Year Sample Z)bp::;/el Z%(i)ng;;ortion (Spa;;)limits :;?:’E::;n of Location Reference
oo Rebimia pseudo- g, 727 2 36.34 Denizl Celik et al?
acacia (leaves)
2002 Apple 180 18.0 2 90.00 Elazig Bakirdere and Yaman'™
2002 Grape 213 21.3 2 106.50 Elazig Bakirdere and Yaman'™
2002 Apple (leaves) 866 86.6 2 433.00 Elazig Bakirdere and Yaman'
2002 Grape (leaves) 547 54.7 2 273.50 Elazig Bakirdere and Yaman'™
2002 Tomato 175 17.5 2 87.50 Elazig Bakirdere and Yaman'™
2002 Bell pepper 139 139 2 69.50 Elazig Bakirdere and Yaman™
2002 Parsley 585 58.5 2 11.70 Elazig Bakirdere and Yaman'™
2003 Grass 175 0.175 2 0.875 Konya Onder et al®
2003 Lavender (flowers) 0.5 0.05 2 0.25 Western Anatolia  Divrikli et al’
2003 Laurel (root) 01 0.01 2 0.05 Western Anatolia ~ Divrikli et al'®
2003 Chard (leaves) 0.2 0.02 2 0.10 Western Anatolia  Divrikli et al’
2003 Chard (root) 2.8 0.28 2 14.0 Western Anatolia  Divrikli et al'®
2003 Lavender (leaves) 0.8 0.08 2 0.40 Western Anatolia  Divrikli et al®
2006 Parsley 9.9 0.99 2 4.95 Kayseri Demirezen and Aksoy"
2006 Tomato 9.7 0.97 2 4.85 Kayseri Demirezen and Aksoy'
2007 Cabbage 0.91 0.091 2 0.455 istanbul Osma et al'®
2007 Parsley 0.95 0.095 2 0.475 istanbul Osma et al®
2007 Chard 0.99 0.099 2 0.495 istanbul Osma et al.®
Rosmarinus . .
2007 officinalis 6.9 0.690 2 345 Mersin Koc and Sari®
2008 Apple 2.21 0.221 2 110 Konya Hamurcu et al.?°
2008 Cornelian 2.65 0.265 2 132 Konya Hamurcu et al.?°
2008 Plum 2.82 0.282 2 1.41 Konya Hamurcu et al.®
2008 Rose 2.86 0.286 2 134 Konya Hamurcu et al.?®
2009 Pinus nigra 0.35 0.035 2 0175 Denizli Keskin and I1i#'
2010 Pinus nigra 0.00 0 2 0 Denizli Keskin and I1i?
2012 (Sl(::eveetsfhe"y 8.74 0.874 2 4.37 Aras valley Pehluvan et al 2
2012 (Sfm?f;fhe"y 175 0175 2 0.875 Aras valley Pehluvan et al.22
2012 (Elaacvig‘““be"y 348 0.348 2 174 Aras valley Pehluvan et al?
2012 (Bflraucig“““be”y 162 0162 2 0.81 Aras valley Pehluvan et al.??
2012 y:’eh;tvzg‘““be"y 415 0.415 2 2.07 Aras valley Pehluvan et al.22
2012 g:‘:?fs)muube"y 215 0.215 2 1.07 Aras valley Pehluvan et al.2
2012 Apricot (leaves) 10.23 10.23 2 5N Aras valley Pehluvan et al.?

2012 Apricot (fruits) 315 0.315 2 1.57 Aras valley Pehluvan et al.??
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Table 1. continued

Pb level Pb in portion  Safe limits Proportion of .
Year Sample (ppm) (100 g) (ppm) safe limit Location Reference
2012 Plum (leaves) 15.47 1547 2 7.73 Aras valley Pehluvan et al.??
2012 Plum (fruits) 342 0.342 2 1.71 Aras valley Pehluvan et al.??
2012 Peach (leaves) 7.69 0.769 2 3.84 Aras valley Pehluvan et al.?
2012 Peach (fruits) 315 0.315 2 1.57 Aras valley Pehluvan et al.??
2012 Pear (leaves) 10.43 1043 2 0.52 Aras valley Pehluvan et al.2
2012 Pear (fruits) 215 0.215 2 1.07 Aras valley Pehluvan et al.??
2012 Hawthorn (leaves 8.67 0.867 2 433 Aras valley Pehluvan et al.??
2012 Hawthorn (fruis) 31 0.31 2 1.55 Aras valley Pehluvan et al.?
2012 Rosehip (leaves) 10.36 1.36 2 518 Aras valley Pehluvan et al.??
2012 Rosehip (fruits) 2.85 0.285 2 142 Aras valley Pehluvan et al.?
2012 Sweetcherry 47.83806947  4.784 2 2392 Aras valley Pehluvan et al.22
(leaves)
Rosmarinus _ . 2
2012 officinalis (leaves) 119 0.119 2 0.595 [zmir Colak Esetlili et al.
2012 Parsley 114 on4 2 0.57 izmir Colak Esetlili et al.?
. . Adana-Gaziantep .
2014 Passiflora coccinea 894 0.8%4 2 4.47 ) Kirpik et al.2
highway
2014 Nerium oleander 4.86 0.486 2 2.43 A.dana—Gazmntep Kirpik et al.?4
highway
Rosmarinus Adana-Gaziantep - ”
2014 officinalis 816 0.816 2 4.08 highway Kirpik et al.
Rosmarinus
2014 officinalis (refuge- 9.48 0.948 2 4.74 Hatay Bozdogan Sert et al.?®
stem)
Rosmarinus
2014 officinalis (refuge- 970 0.97 2 485 Hatay Bozdogan Sert et al.?
leaves)
Rosmarinus
2014 officinalis (slope- 1.21 1121 2 5.60 Hatay Bozdogan Sert et al.2
stem)
Rosmarinus
2014 officinalis (slope- 10.01 1.00 2 5.00 Hatay Bozdogan Sert et al.
leaves)
2016 Celtis australis 3% 34 2 17.00 Istanbul Ozturk et al.2
(leaves)

2017 Hollyhock (leaves)  2.59 0.26 2 1.29 Lake Van Kayaand Gulser®
2020 Pomegranate 0375 0.0375 > 01875 P!rlngll village- Dem|vr'han Aydin and
(fruits) Siirt Pakyirek?

Pomegranate . . Demirhan Aydin and

2020 (fruits) 0.351 0.0351 2 01755 Kapili village-Siirt Pakyrek?

2020 Pomegranate 0.614 0.0614 5 0307 P!rlngll village- Demllrlhan Aydin and
(leaves) Siirt Pakytrek?

2020 ~ omeeranate 0.625 0.0625 2 0.3125 Kapili village-Siirt  De™Mirhan Aydin and
(leaves) Pakytrek?

Pb: Lead
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Table 2 shows Pb accumulation in soil. Tables 3 and 4 show Pb
accumulation in parsley and rosemary (Rosmarinus officinalis).
These two plants were used because they have more data
available. We have to compare the same plants to make a
correct comparison since each plant species has different
bioaccumulation factors. Parsley and rosemary data were listed
in different tables to achieve a more accurate comparison. Table
5 shows the exposure limits of five different national and
international authorities for Pb, including Occupational
Safety and Health Administration (OSHA), National Institute
for Occupational Safety and Health (NIOSH), WHO, European
Chemicals Agency (ECHA), and the Ministry of Family, Labor
and Social Services of Turkey. The permissible exposure
limit of Pb according to OSHA and NIOSH is 0.00005 ppm.®
The safety limit of Pb for soil and plants according to WHO
are 85 and 2 ppm, respectively.? Occupational exposure limits
of Pb according to the Ministry of Family, Labour and Social
Services of Turkey and ECHA are 0.00015 and 0.00003 ppm,
respectively.02

Statistical analysis was not used in this manuscript due to the
meta-analysis of published studies.

RESULTS

Pb accumulation in roadside plants

From the research, 60 results from different plants and places
were collected. All plant data are listed in Tablel according to
the year. The safe level of Pb in plants is 2 ppm, according to
WHO. However, the results vary ranging from 0.00 to 866.0
ppm; 30% of plants were safe according to their Pb level. The
Pb levels were higher in studies conducted in the early years
than the recent years' results. Before 2003, all data were higher
than the safe limit. The highest values were found in a study
in 2002 in Elazig, Turkey, and apple leaves had the most Pb
accumulated. The second and third highest values were found
in grape leaves and parsley, respectively, in the same study.
The lowest values were found in Denizli, Turkey, in 2010. In that
study, researchers found no Pb accumulation in Pinus nigra.

Table 2. Lead level and its safe limit in various soil samples of different places in Turkey

Pb level Pb levgl - Proportion of .

Year Sample (ppm) in portion Safe limit safe limit Location Reference
(100 g)

2001 Soail 336.55 33.66 85 3.959 Denizli Celik et al.®
2002 Soil 73 7.3 85 0.8588 Tokat Tuzen?®
2002 Soil 26 2.6 85 0.3059 Elazig Bakirdere and Yaman'
2002 Soil 13.28 1.328 85 01562 Elazig Bakirdere and Yaman'
2003 Soil 2.66 0.266 85 0.0313 Konya Onder et al®
2006-2007 Soil 1.55 0.16 85 0.0182 Edirne Aktas and Kocabas®
2007 Soil 2351 2351 85 2766 Ei‘;fz;';m" Aydinalp®
2008 Soil 191 191 85 2.247 istanbul Guney et al.™
2009 Soil 31.50 315 85 0.3705 Eskisehir Malkoc et al.®
2009 Soil 172 0172 85 0.0202 Fatsa Ozkutlu et al.
2010 Central soil 401 401 85 47176 Ankara Akbulut and Cevik®*
2010 Highway soil 567 56.7 85 6.6705 Ankara Akbulut and Cevik3
2010 Central soil 442 44.2 85 5.20 Bursa Akbulut and Cevik
2010 Highway soil 405 40.5 85 47647 Bursa Akbulut and Gevik3
2012 Soil 124.36 12.436 85 1.4631 GUmushane Vural®
2013 Soil 102.8514 10.285 85 1.21 Sakarya Celenk and Kiziloglu®
2014 f;l;cs"lf;/:;is Ly 3370 337 85 0.3965 :i‘;r\‘j;saﬂa”te” Kirpik et al.2
2014 ZZ;;”” oleander » 56 2,556 85 03007 ’:;;’E;?ammep Kirpik et al.#
2014 Zjﬂ%?ﬁw 3576 3576 85 04207 ﬁi‘;’x;sam”mp Kirpik et al.2
2016 Soil 27.4-51.55  2.74-5155 85 0.3224 - 0.6065  Istanbul Ozturk et al.?®

Pb: Lead
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The lethal dose of Pb is 450 ppm in the lowest published data.
Three of the 60 results collected were higher than the lethal
dose. The Pb values are mostly higher than 2 ppm but lower
than the lethal dose.

Pb accumulation in roadside soil

During the research, 20 results were collected. All soil data are
listed in Table 2 according to the year. The safe level of Pb in
the soil is 85 ppm, according to WHO. Results were varied in
the range of 1.55 to 567.00 ppm, whereas 55% of the samples
were within the safe limit. The highest results were obtained in
2010 in Ankara, Turkey, while the lowest was in 2006 in Edirne,
Turkey.

Comparison of Pb values in parsley

In Table 3, Pb accumulation in parsley from various locations
are listed according to year. Four values were found. The values
varied in the range of 0.95 to 585 ppm. Fifty percent of these
results are under the safe limit. After 2007, the values are within
safe limits even though the results are from metropolises. The
highest accumulation, where Pb accumulation was higher than
the lethal dose, was seen in 2002 in Elazig, Turkey.

Comparison of Pb accumulation in R. officinalis

In Table 4, Pb accumulation in R. officinalis leaves from different
areas are listed according to year. Four values were found, and
two of them were from the same study where they investigated
differences in Pb accumulation according to place (slope or
refuge). Values vary from 1.19 to 10.01 ppm, in which 25% of the
collected data were within the safe limit. Additionally, none of
the reported values were above lethal dose. The highest value
was seen in 2014 in Hatay, Turkey, in slope.

DISCUSSION

Heavy metal accumulation is one of the primary health concerns
worldwide, affecting millions of people and ecosystems. Pb is
a naturally occurring heavy metal that may accumulate through
waste products and exhaust gases in the soils plants.

Initially, articles on heavy metal accumulation in plants and
soil were searched. Then, the search was limited to the Pb
accumulation of roadside plants and soil. After finding the Pb
levels in plants and soil from diverse articles, the safe limit
values of Turkish and International authorities were examined.
The Pb levels were evaluated base on the WHO data. More data
were obtained from plants, thus, making separate tables for

Table 3. Lead level and its safe limit in parsley samples of different places in Turkey

Proportion of safe

Year Pb level (ppm) Pb level in portion (100 g)  Safe limit limit Location Reference

2002 585 58.5 2 11.70 Elazig Bakirdere and Yaman'
2006 9.9 0.99 2 495 Kayseri Demirezen and Aksoy"
2007 095 0.095 2 0.475 istanbul Osma et al.®

2012 114 0.114 2 0.57 izmir Colak Esetlili et al.?
Pb: Lead

Table 4. Lead level and its safe limit in Rosmarinus officinalis samples of various places in Turkey

Proportion of safe

Year Pb level (ppm)  Pb level in portion (100 g) Safe limit limit Location Reference

2007 6.9 0.690 2 345 Mersin Koc and Sari®

2012 119 0119 2 0.595 izmir Colak Esetlili et al.?
2014 9.70 0.97 2 4.85 Hatay-refugee Bozdogan et al.?®
2014 10.01 1.001 2 5.005 Hatay-slope Bozdogan et al.®
Pb: Lead

Table 5. Exposure limits of lead according to different national and international authorities

Exposure limits of lead (ppm)

OSHA PEL NIOSH REL WHO Ministery of Family, Labour and Social Services ECHA
Soil Plant

0.0005® 0.0005°
85¢ 2 0.00015¢ 0.00003f

2Permisible exposure limit of lead according to OSHA, *Recommended exposure limit of lead according to, NIOSH, <Safety limit of lead for soil according to WHO,
dSafety limit of lead for plants according to WHO, ¢Occupational exposure limit of lead according to the Ministry of Family, Labour and Social Services of Turkey,
Occupational exposure limit of lead according to ECHA. OSHA: Occupational Safety and Health Administration, NIOSH: National Institute for Occupational Safety
and Health, WHO: World Health Organization, ECHA: European Chemicals Agency
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a more accurate comparison regarding their bioaccumulation
factors.

In Table 1, accumulated Pb values (ppm) for several plant
samples from different locations are listed throughout the years
with their safe limits and percentages.

All the Pb values from the studies before 2003 exceed the safe
limits. This findings gave rise to the thought that this is probably
resulted from the low sensitivity of the analytical methods
used back then due to the lack of the quality parameters of
measurements. Analytical methods used for determining the
heavy metal content in the plants were not precise enough to
give a correct measurement, which led to inaccurate results.

On the other hand, banning the use of Pb in gasoline in 2004
positively decreased the accumulation rates. The Pb content in
the plants generally diminished. This change may have resulted
from a more proper and accurate analytical system and the ban
of Pb in gasoline. However, the reported values were still high
in metropolises and industrial cities.

By examining studies conducted from various cities with
different economic backgrounds and means of livings, it can
be concluded that, in the industrially-developed cities, Pb levels
exceed the safe limits because of exhaust gases, heavy industry
factories, waste products, and heavy traffic.

In addition, the differences in plants’ bioaccumulation factors
affect the results, such as different accumulation rates of
perennial and annual plants.

In Table 2, the Pb contents in soil samples from the different
regions in Turkey are listed by the year. Once again, the Pb
content determined from the studies of earlier years is high,
probably also because of the inaccuracy in the analytical
methods and measurement systems. Furthermore, most
industrialized cities had exceeded the safe limits.

According to a study conducted in 2010, Pb accumulation in the
highway soil is higher in Ankara than in Bursa, the central soil's
Pb content is more elevated in Bursa than in Ankara.®* This
contrast could be due to the heavier traffic on the highways of
Ankara and intense industrial activity in Bursa. As a capital city,
Ankara is the center of several routes, and Pb can be quickly
accumulated in the plants and soils near the highway. In contrast,
Bursa is known for its heavy industrial activity, especially the
machinery industry. This industrialization is in the city center,
which may release high exhaust gases containing Pb from the
factories and cause accumulation in the central soil.

For Istanbul, Pb contents were measured in 2008 and 2016,
and a significant decrease was found when comparing the
results. Although the population has risen from 2008 to 2016
in istanbul, which directly affect the traffic’'s heaviness, the Pb
content in the soil reduced from 191 ppm to 27.4-51.55 ppm.
This change probably is due to the banning of Pb in gasoline
in 2004. Even after the ban, Pb levels in the given data did not
decrease immediately but took some time, as shown in the
results. The results indicated that it requires time to reduce the
accumulation of Pb in the soil.

In Table 3, Pb levels in parsley samples determined from the
different regions in Turkey are listed. The earlier years results
seem to be much higher; this can be caused by improved
measurement technologies and increased environmental
awareness in the later years. For instance, the value measured
in Elazig in 2002 is within the lethal range. The cause of this
high level may be explained by the technical problem, or low
sensitivity of methods or a high metal level.

According to data from 2006 and 2007, although samples
were collected within almost the same year in Kayseri and
istanbul, Pb accumulation in Istanbul is nearly one-tenth of
Kayseri. Probably resulted from different industrial activities
in those cities where Kayseri has many heavy metal industrial
applications releasing a high amount of solid waste to the
environment.

In Table 4, Hatay has the highest values, although it is long after
the ban of Pb in gasoline. Air pollution can be the reason for
this high amount. Besides, the slope had a higher accumulation
than the refuge in Hatay. Mersin and Hatay are close cities
geographically, and the accumulation rate decreased from 2007
to 2014, which may be the result of unleaded gasoline use since
2004.

CONCLUSION

In conclusion, Pb accumulation is a global concern, including
in Turkey. Although the soil and plants’ Pb contents generally
decrease with time, the environmental and health risks are still
present. The banning of gasoline is one of the primary causes
of reduced concentrations.

The studies conducted by far provide us an insight into the
contamination status of Pb in Turkey. The methods used for
analyses can be more problematic in the earlier years due to
the lack of quality parameters of measurements in published
studies; however, more accurate and precise results are given
in recent studies. For a better analysis, further studies must be
done. The concentration levels of Pb should be followed more
closely for different purposes, and research can be widen for
different areas.

Conflict of interest: No conflict of interest was declared by the
authors. The authors are solely responsible for the content and
writing of this paper.
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Development of Oral Tablet Formulation Containing
Erlotinib: Randomly Methylated-B-cyclodextrin
Inclusion Complex Using Direct Compression Method

Dogrudan Basim Yontemi Kullanilarak Randomize Metillenmis-
B-siklodekstrin inkliizyon Kompleksi iceren Erlotinib Oral Tablet
Formilasyonu Gelistirilmesi

® Nazli ERDOGAR*
Hacettepe University Faculty of Pharmacy, Department of Pharmaceutical Technology, Ankara, Turkey

ABSTRAC T |

Objectives: Erlotinib (ERL) is a tyrosine kinase inhibitor that has been used in the treatment of metastatic non-small cell lung cancer (NSCLC).
However, its low aqueous solubility limits its absorption and oral bioavailability. To overcome these pharmacokinetic drawbacks, complexation
of ERL can be applied. The aim of this study was to develop and characterize an oral tablet formulation containing ERL: Randomly methylated-f3-
cyclodextrin (RAMEB-CD) inclusion complex to enhance solubility and oral bioavailability of ERL.

Materials and Methods: An inclusion complex was prepared with RAMEB-CD using co-lyophilization technique. Structural characterization was
performed using X-ray diffractometry and fourier-transform infrared spectroscopy. Tablet formulation of ERL: RAMEB-CD inclusion complex were
prepared using direct compression technique. Tablet characteristics like hardness, diameter, thickness, friability, weight variability, disintegration
and dissolution were evaluated. Flow properties of the powder were also determined.

Results: Characterization studies suggested that stable complexes between ERL and RAMEB-CD were obtained with co-lyophilization method.
Tablet formulation using inclusion complex of ERL and RAMEB-CD with drug dose equivalent to 25 mg was successfully prepared using direct
compression technique. Physical properties of the powder mixture were studied - angle of repose (°): 34.27+1.78; flow time: 2.2+0.4; HR: 1.05+0.02;
compressibility index: 14.27+1.55. Moisture content (%) was found to be 0.27+0.05. The thickness, diameter and hardness values were 3.92+0.05
mm, 11.3+0.06 mm and 81.38+2.27 N, respectively. In uniformity of weight test, the average weight was 404.57+1.6 mg, with less than 5% deviation
in 20 randomly selected tablets. Friability value was 0.27% and the disintegration time was found to be less than 15 min. Importantly, dissolution
study showed that solubility of ERL was increased by complexation with RAMEB-CD. After 60 minutes, 99% of drug was released from the tablet
formulation.

Conclusion: These results demonstrate that a new tablet formulation of ERL: RAMEB-CD inclusion complex could be an alternative approach to
achieve increased dissolution and oral bioavailability of ERL for NSCLC treatment.

Key words: Erlotinib, inclusion complex, direct compression, dissolution

(0

Amag: Erlotinib (ERL) metastatik kigtk hicreli akciger kanserinde (NSCLC) kullanilan tirozin kinaz inhibitértdir. Bununla birlikte, dustk
suda ¢ozUndrligu absorpsiyonunu ve oral biyoyararlanimini sinirlamaktadir. Bu sakincalarin tstesinden gelmek igin komplekslesme yontemi
kullanilmaktadir. Galismanin amaci ERL'nin ¢ézunurluginu ve oral biyoyararlanimini artirmak igin ERL: Randomize metillenmis B-siklodekstrin
(RAMEB-CD) inklizyon kompleksi igeren oral tablet formilasyonu gelistirilmesi ve bu formilasyonun karakterize edilmesidir.

Gereg ve Yontemler: RAMEB-CD siklodekstrin igeren inklizyon kompleksi ko-liyofilizasyon yontemi ile hazirlanmistir. X-ray difraktometresi
ve fourier-transform infrared spektroskopisi kullanilarak fizikokimyasal karakterizasyon yapilmistir. Direkt basim yontemi ile ERL: RAMEB-
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CD siklodekstrin inklizyon kompleksi igeren tablet formilasyonu hazirlanmistir. Sertlik, gap, kalinlik, kirilganlik, agirlik degiskenligi, dagilma ve
dissolusyon gibi tablet 6zellikleri belirlenmistir. Tozun akis 6zellikleri de tayin edilmistir.

Bulgular: Karakterizasyon galismalari ko-liyofilizasyon teknigi ile ERL ve RAMEB-CD arasinda stabil kompleks elde edildigini gdstermistir. Buna
gore, direkt basim yontemi ile 25 mg ilag dozuna esdeger olacak sekilde ERL ve RAMEB-CD inklizyon kompleksi kullanilarak tablet formilasyonu
hazirlanmistir. Toz karisiminin fiziksel 6zellikleri belirlenmistir yigin agisi (*): 34,27+1,78; akis siiresi: 2,2+0,4; Hausner orani: 1,05+0,02; basilabilirlik
indeksi: 14,27+1,55). Nem igerigi %0,27+0,05 bulunmustur. Kalinlik, gap ve sertlik degerleri sirasiyla 3,92+0,05 mm, 11,3+0,06 mm ve 81,38+2,27
N olarak bulunmustur. Agirlik sapmasi testinde; ortalama tablet agirligi 404,57+1,6 mg olup rastgele segilen 20 tablet igin sapma %5'ten kiguktur.
Kirilganlik degeri %0,27'dir. Dagilma zamani 15 dakikadan az bulunmustur. Dissolusyon galismasi RAMEB-CD ile komplekslesme ile ERL'nin suda
¢ozinurligiunun nemli dlgtde arttigini géstermistir. Altmis dakika sonunda ilacin %99’'u salinmistir.

Sonug: Elde edilen veriler ile ERL: RAMEB-CD inklizyon kompleksi igeren yeni tablet formilasyonunun daha iyi g6ziinme ve oral biyoyararlanim elde
etmek igin NSCLC tedavisinde alternatif bir yaklasim olabilecegi sonucuna varilmistir.

Anahtar kelimeler: Erlotinib, inklizyon kompleksi, direkt basim, dissoltisyon

INTRODUCTION

Erlotinib (ERL) is a selective tyrosine kinase inhibitor which
targets epidermal growth factor receptor (EGFR). ERL shows
anticancer activity in EGFR-overexpressing tumors such as
non-small cell lung cancer and pancreatic cancer! ERL is
commercially manufactured and available as a film-coated
tablet (Tarceva®), approved by the European Medicines Agency
and Food and Drug Administration (FDA). However, several
properties of ERL have created challenges to its clinical use.
ERL is a weak base with low aqueous solubility (0.4 mg/mL
at pH 2). Its low dissolution rate results in limited absorption
and low bioavailability. When administered orally, ERL reaches
its peak plasma concentration after approximately 4 h, with
bioavailability of 60%. A plasma concentration of 44% is
adequate for antitumor activity.? Moreover, ERL can cause a
wide range of adverse effect including diarrhea, rash, renal
failure, thrombocytopenia, and neutropenia.®** Hence, novel
formulations of ERL are needed to enhance its efficacy and
safety. Different approaches reported to increase ERL solubility
include solid dispersion, polymorphism, size reduction, and
complexation.®>® Also, a self-emulsifying formulation,” a reverse
micelle-loaded lipid nanocarrier formulation,® and a sulfobutyl-
ether-p-cyclodextrin (CD) complex formation’ have been
utilized to improve ERL bioavailability.

Recently, CD complexation has been employed to increase the
solubility and bioavailability of hydrophobic drugs. CDs are cyclic
oligosaccharides comprised of 6 or more glucopyranose units
bound via a-(1, 4) bonds. Natural CDs include a-, - and y-CDs
with have 6, 7, and 8 glucose units, respectively.® CDs contain
a hydrophilic outer surface that results in their high aqueous
solubility and a lipophilic cavity capable of accommodating
several molecules to form inclusion complexes. Its structure
impacts the physicochemical properties of encapsulated drugs
by increasing their solubility, dissolution, and bioavailability."

However, utilization of natural CDs as drug carriers has
been limited due to their low solubility. Different chemical
modifications of CD have resulted in various CD derivatives
with enhanced aqueous solubility.”*"® Among the modified
CDs, randomly methylated 3-CD (RAMEB-CD) complexation
with ERL has not been studied.

The purpose of this work was to develop and characterize a new
tablet formulation containing the ERL: RAMEB-CD inclusion

complex to increase dissolution and oral bioavailability of ERL.
Additionally, flow properties and quality control parameters of
the formulation were evaluated.

MATERIALS AND METHODS

Materials

ERL hydrochloride (molecular weight: 429.9 g/mol, Hetero
Labs, Telangana, India) was a kind gift from Nobel ilaq. RAMEB-
CD was a kind gift from cyclolab (Budapest, Hungary). Acetone
was purchased from Sigma-Aldrich (St. Louis, USA). Tween 80
was obtained from Merck-Schuchardt (Hohenbrunn, Germany).
All other chemicals were of reagent grade and solvents were
of high performance liquid chromatography (HPLC) grade.
Lactose monohydrate and Avicel pH 102 was purchased from
Sigma-Aldrich. Magnesium stearate was provided by Nitika
Pharmaceuticals (Maharashtra, India). Sodium starch glycolate
was purchased from Avebe (Foxhol, Netherlands).

Preparation of ERL: RAMEB-CD inclusion complex

ERL: RAMEB-CD inclusion complex was prepared by a
lyophilization technique that could be was demonstrated in
another study (data not shown). Briefly, ERL (27.8 mg, 21mM)
was dissolved in acetone (3mL) and then slowly added to
RAMEB-CD aqueous solution (821mg in 3mL or 21mM) to
achieve a molar ratio of 1:1. The suspension was magnetically
stirred at room temperature for 24h. The organic solvent
was evaporated using a rotary evaporator (IKA RV 10 basic,
Germany). The obtained solution was frozen at -20°C and was
lyophilized at -80°C under 0.1 mbar for 24 h, resulting in a white
fluffy powder (Labconco Freezone 4.5 Plus, USA).

Characterization of ERL: RAMEB-CD inclusion complex

Fourier-transform infrared (FT-IR) spectroscopy

FT-IR spectra of ERL, RAMEB-CD, physical mixture (PM), and
ERL: RAMEB-CD inclusion complex were obtained using Perkin
Elmer BX Spectrum (USA) at the range of 4000-500cm™ at
ambient temperature.

X-ray diffractometry (XRD)

The XRD patterns of ERL, RAMEB-CD, PM, and ERL: RAMEB-
CD inclusion complex were obtained using a Multipurpose
X-ray Diffraction Multipurpose Diffractometer (X'Pert Pro
MPD, Malvern PANalytical, UK) with Cu Ka radiation powered at
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voltage 45kV and current 40 mA. The diffraction angle (26) was
between 3°-40° and the scanning rate was 2°/min.

Preparation of tablet formulation containing ERL: RAMEB-CD
inclusion complex

Tablet formulations containing lyophilized ERL: RAMEB-CD
inclusion complex (equivalent to 25 mg ERL) was prepared
by direct compression method using excipients shown in
Table 1. Tablet formulations were manufactured based on
the commercial drug Tarceva®'” It contains 31% lactose
monohydrate and 33% Avicel pH 102 as fillers, 8% sodium
starch glycolate as a super disintegrant, and 1% magnesium
stearate as a lubricant. Using a roller mixer, ERL: RAMEB-CD
inclusion complex was blended with lactose monohydrate and
Avicel pH 102 for 5 min. Sodium starch glycolate was added
into the mixture in small increments. Finally, the powder
mixture was mixed with magnesium stearate. Tablet weight
was adjusted to 400 mg and tablets were compressed using
Erweka AR 400 (Heusenstamm, Germany) to manufacture oral
tablet formulations containing ERL: RAMEB-CD complex.

Powder flow properties

The angle of repose (°)

The angle of repose was determined using the fixed height
funnel standing technique. A standard funnel was physically
secured and powder was allowed to flow through the orifice of
the funnel cone. The radius (r) of the base and height of powder
mass (h) was measured, and was calculated using this formula:

height

tan (@) = 0.5xbase

The flow time was evaluated with a standard funnel. The results
were given as mean + standard deviation (SD).

Hausner ratio (HR) and compressibility index:
The HR and compressibility index are two parameters that can
be calculated to predict the characteristics of powder flow. The

two indices are calculated as follows:
Vo

vf
Vo-Vf
Vo

Hausner ratio =

Compressibility index = 100x

where V : Bulk volume; V: Tapped volume of powder.

Table 1. Components of tablet formulation containing ERL:

RAMEB-CD inclusion complex

Components Amount (mg) Percent (%)
ERL-RAMEB complex 109 27

Lactose monohydrate 123 31

Avicel pH 102 132 33

Sodium starch glycolate 32 8
Magnesium stearate 4 1

ERL: Erlotinib, RAMEB-CD: Randomly methylated-B-cyclodextrin

Bulk/tapped volume and density
The bulk (V) and apparent volumes (V, V. . and V_.) of

10" © 500" 1250
powder mixture (50 g) were measured in a 100 mL cylindrical
vessel. Because the difference between V_ and V. was less
than 2 mL, V., was considered as the tapped volume. Bulk and

tapped densities were calculated as below:

m
Bulk density = 7o

m
Tapped density = Viz50

m: Sample weight (g), V,: The bulk volume (mbL), V The

tapped volume (mL).

1250°

Moisture content (%)

3 g of powder were heated at 102°C (Ohaus MB45 Moisture
Analyzer, Parsippany, USA) until the weight remained constant.

Quality control tests for tablets containing ERL: RAMEB-CD
inclusion complex

Hardness, thickness and diameter

Hardness (n=10), diameter (n=20), and thickness (n=20) of
tablets were measured using a Pharma test PTB 311E (Hainburg,
Germany).

Friability
Tablets (n=20) were weighed, then placed in a friabilator
(Pharma test PTF 10E, Hainburg, Germany). After rotating at

100 cycles, the final weight of tablets was checked. Percent
weight loss was calculated.

Uniformity of weight
Tablets (n=20) were weighed individually. The average mass
and SD were calculated.

Disintegration test

The disintegration test of tablets was performed using Pharma
test PTZ-S (Hainburg, Germany) in 1L of purified water at 37°C.
Tablets (n=6) were placed in cylindrical tubes of the system
and, then the device started to move in a periodic upward-
downward manner automatically. The time for each tablet to
disintegrate was recorded.

Dissolution test

The dissolution experiment was undertaken using the FDA
dissolution methods database.”® It was performed using a paddle
(USP Apparatus 2) in 0.02% Tween 80 in 0.01 N HCI (1000 mL) at
75 rpm. Tablets containing ERL: RAMEB-CD inclusion complex
and ERL tablets (containing 25 mg ERL) were added to 1000
mL medium (Sotax Dissolution Testing Device, Switzerland). At
various time points (5, 10 15, 20, 30, 45, 60 min), 2 mL of aliquot
was withdrawn and replaced with the same volume of fresh
medium. All samples were filtered through a 0.45 pm filter. The
filtrate was analyzed by an analytically validated HPLC method
(r2: 0.9992). These methods consist of a Kromasil® reversed-
phase C18 (250x4.6 mm) column andammonium acetate buffer
(pH 4): Acetonitrile (65:35 v/v) as the mobile phase, with
injection volume: 20 pL and flow rate: 1 mL min™.
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RESULTS AND DISCUSSION

Characterization of ERL: RAMEB-CD inclusion complex

ERL: RAMEB-CD inclusion complex was prepared with
lyophilization technique and resulted in improved ERL solubility.
Complexation between drugs and CD may be mediated by van
der Waals and non-bonding forces. The ERL: CD ratio (1:1) used
resulted in adequation interactions between the hydrophobic
region of the drug and CD and allowed successful complexation.
Moreover, a stronger interaction between RAMEB-CD and ERL
could be due to the lipophilic methyl groups on the RAMEB-
CD ring which confers higher solubility and solubilization
properties.”2°

Figure 1 shows the FT-IR spectra of ERL, RAMEB-CD, PM and
ERL: RAMEB-CD inclusion complex. ERL spectrum displayed
strong absorption bands at 3277 cm™ (for CH,, C-H stretching
vibrations), 1634 cm™ (for NH, secondary amine bending
vibrations), 3277 cm™ (for =C-H stretching vibrations), 1238
cm?, 1069 cm™ (for phenyl ether group) and 1021 cm™ (for
aliphatic ether group), which is in agreement with findings
reported by Parthasaradhi et al.?’ The spectrum of RAMEB-CD
was characterized by intense bands at 3300-3500 cm™ (O-H
stretching vibration) and 2800-3000 cm™ (for -CH and -CH_-
groups).?? FT-IR spectrum of PM showed bands that appear as
the superposition of the spectra of both ERL and RAMEB-CD,
with no shift of the absorption band at 3277 cm™ and 1634 cm™.
However, significant changes were observed in the peak widths
at the center-frequencies (1634 cm™ and 3277 cm™) of the
characteristic absorption peaks of ERL. This peak broadening

120

or 0

270801

45

396

and disappearance of the ERL characteristic peak indicated
ERL-RAMEB-CD interaction and validates the formation of the
inclusion complex of ERL: RAMEB-CD (Figure 1.

The XRD patterns of ERL, RAMEB-CD, PM and ERL: RAMEB-
CD inclusion complex are shown in Figure 2. The XRD pattern
of ERL showed the presence of strong, sharp peaks at 5.66,
9.74, 11.32, 18.95, 22.78, 23.6, 24.24, 30.07 on 26, confirming
the crystalline nature of ERL. The XRD pattern of RAMEB-
CD displayed two broad peaks and multiple undefined, diffuse
peaks with low intensities, indicating the amorphous structure
of CD.2® The PM showed very few of the crystalline ERL peaks,
but with decreased intensities and no sharp peaks. In contrast,

s e
Py —
\‘
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Figure 2. X-ray diffractometry patterns of ERL, RAMEB-CD, PM, and ERL:
RAMEB-CD inclusion complex

ERL: Erlotinib, RAMEB-CD: Randomly methylated-B-cyclodextrin, PM: Physical
mixture
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Figure 1. FT-IR spectra of ERL, RAMEB-CD, PM, and ERL: RAMEB-CD inclusion complex
FT-IR: Fourier-transform infrared, ERL: Erlotinib, RAMEB-CD: Randomly methylated-B-cyclodextrin, PM: Physical mixture
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compared to the XRD patterns of ERL and RAMEB-CD, the
inclusion complex presented an amorphous state, due to both
the CD structure and post-lyophilization effects.? The inclusion
complex diffractometric profile had less intense RAMEB-
CD peaks and the absence of the ERL sharp characteristic
peaks, thus suggesting that ERL is in an amorphous state. This
reduction in ERL crystallinity provides further evidence to the
formation of the ERL: RAMEB-CD inclusion complex in solid-
state, in agreement with FT-IR results.?

The flow properties of powder mixture in tablet formulation
The powder mixture, consisting of drug-CD inclusion complex
and excipients, was prepared and its flow properties, such as
the angle of repose, compressibility index, HR and moisture
content, were measured. The angle of repose is a predictor of
flow characteristics of all powder mixtures. In ERL: RAMEB-
CD formulation in this study, the angle of repose measured
was 34.27+1.78, indicating good flow property according to
the United States Pharmacopeia (USP) specifications. HR
and compressibility index were 1.05+0.02 and 14.27+1.55,
respectively, which further support good flow properties
according to USP 30.2% The moisture content is another
important parameter contributing to powder flow. In our
study, the moisture content (%) was found 0.27+0.05%,
which can enable binding of drugs with excipients during the
manufacturing process. These data showed that the prepared
powder displayed good flow properties and was favorable for
direct compression technique.

Quality-control tests for tablets containing ERL: RAMEB CD
inclusion complex

In this study, all of the tablets were manufactured with uniform
appearance and appropriate physical characteristics. The
thickness and diameter of tablets are between 3.92+0.05 mm
and 11.3x0.06 mm, respectively. The very low variabilities in
thickness and diameter showed that the operation and weighing
of the powder mixture are appropriate during the manufacturing
process. The hardness value was 81.38+2.27 N for tablets
containing ERL: RAMEB-CD inclusion complex, showing that
tablets had suitable crushing strength to resist abrasion.

Friability is a significant parameter that points out the tablet’s
capability to resist abrasion along with packaging, transport,
and handling; compendial specification not more than 1%.?
Friability value was 0.27% for tablet formulation containing ERL:
RAMEB-CD inclusion complex (Table 2). This data correlates
the pharmacopeia criteria and shows that tablets probably have
adequately high mechanical stress during the process, handling
and transportation.?’

The uniformity of weight (or weight variation) of prepared
tablets was evaluated by USP 30. The average weight of
prepared tablets was found 404.57+1.6 mg, with less than 5%
deviation for 20 tablets, which meets the acceptability criteria
of USP.2® These results suggested that the powder mixture
retained homogeneity during the preparation and manufacturing
process.

For all tablets, the first important step towards drug dissolution
is the breakdown of the tablets into granules or primary powder
particlesinaprocessknown asdisintegration. The disintegration
time of the tablet formulation containing ERL: RAMEB-CD
inclusion complex was compatible to USP 30 standards which
require that uncoated tablets have disintegration time standard
values less than 15 minutes (Table 2).

Before performing the dissolution test, the HPLC method was
validated. The linearity of the calibration curves was established
over the concentration range of 1-200 pg/mL with a correlation
coefficient value of 0.9992+0.01, indicating acceptable linearity
in this range. The values (mean * standard error; n=3) of the
slope and intercept were 60.103 and 19.837, respectively. The
limit of detection was 0.21 pyg/mL and the limit of quantitation
was 0.71 pg/mL, both with acceptable accuracy and precision.
To determine the accuracy of analytical method, six solutions
with three different concentrations (0.5, 10 and 50 mg/mL) of
the formulation were prepared and HPLC analysis was done.
Mean recovery of ERL recovery and coefficient of variation (CV)
were calculated as shown in Table 3. The recovery value was
determined as 101.82%= 3.7 with CV below 2%. The calculated
CV was found suitable according to FDA, International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use, and USP’s validation guidelines. To determine
the precision of the analytical method, reproducibility and inter-
day precision analysis were done. Data are shown in Table 4
and Table 5. CVs was found to be below 2% therefore, indicating
that the precision and accuracy of the method were sufficient.

Figure 3 represents dissolution profiles of ERL tablet and
ERL: RAMEB-CD tablet. The tablet containing the inclusion
complex showed 70.43% dissolved drug at 10 minutes; an
approximately 2.5-fold increase in drug dissolution comparison
to ERL alone (30.2%). At one hour, the tablet containing the
inclusion complex released 98.57% of the drug, while the ERL
tablet dissolved 46.51%, indicating an approximately two-fold
increase in dissolution. This increase in dissolution may due
to the solubilization effect of CD, the particle size reduction at
the molecular level, and the formation of hydrogen bonds in the
complex.??

Table 2. Results from the quality control tests for tablets

containing ERL: RAMEB-CD inclusion complex

Parameter Value (mean * SD)
Thickness (n=20) 3.92+0.05 mm
Diameter (n=20) 11.3+0.06 mm
Hardness (n=10) 81.38+2.27 N
Friability (n=20) 0.27%

Uniformity of weight (n=20) 404.57+1.6 mg

Disintegration time (n=6) 5 min

ERL: Erlotinib, RAMEB-CD: Randomly methylated-fB-cyclodextrin, SD:
Standard deviation
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Table 3. Coefficient of variation and % recovery of erlotinib

Sample number 10 pg/mL % recovery 50 ug/mL % recovery 150 pg/mL % recovery
1 9.87 50.59 150.07

2 10.19 51.85 154.55

3 9.75 5195 156.66

4 9.8 50.28 154.92

5 9.82 51.21 155.7

6 9.84 49.54 150.46

X 9.88 50.9 153.73

SD 0.8 0.94 2.78

cv 1.79 1.85 1.81

SD: Standard deviation, CV: Coefficient of variation

Table 4. Repeatability results of erlotinib (n=6)

Sample Concentration (ug/mL) X SD cv

1 50.28

50.43

50.26

50.82 0.89 176

51.04

2
3
4 50.37
5
6

52.55

SD: Standard deviation, CV: Coefficient of variation

Table 5. Inter-day precision results of erlotinib (n=6)

Sample Concentration (ug/mL) X SD cv
1 50.59

2 5192 51.47 0.76 1.49
3 5191

SD: Standard deviation, CV: Coefficient of variation

The similarity factor (f,) was used to compare the dissolution
profiles. If the f, value is 50-100, the curves can be considered
as similar®® f, obtained between the two dissolution curves
of ERL and inclusion complex was 11, suggesting that release
behaviors for inclusion complex differed from that for ERL.
These findings suggest that RAMEB-CD was able to form a
water-soluble inclusion complex with ERL and improved its
dissolution rate.®* This improvement in the solubility properties
of ERL could result in enhanced bioavailability and could
possibly minimize the dose-limited side effects. Therefore,
complexation with RAMEB-CD possesses great potential in
0 10 2 20 40 50 60 improving the therapeutic and safety profile of ERL.

Time (min)

—e—ERL Tablet —&— ERL-RAMEB CD Tablet CONCLUSION
In this study, ERL: RAMEB-CD inclusion complex was

100
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S 3 3
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Figure 3. Dissolution profiles of erlotinib tablet and ERL: RAMEB-CD tablet - .
in 0.02% Tween 80 in 0.01 N HCl under sink conditions (n=6, mean + SD) successfully developed and evaluated. The inclusion complex

ERL: Erlotinib, RAMEB-CD: Randomly methylated-p-cyclodextrin, SD: Standarg V@S Characterized by XRD and FT-IR studies and confirmed the
deviation formation of the inclusion complex. A novel tablet formulation
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of ERL: RAMEB-CD inclusion complex was prepared by a direct
compression method. /n vitro dissolution studies demonstrated
the increase in aqueous solubility and dissolution rate of the
complex. In summary, this study applies an effective method
of CD complexation to overcome limited drug solubility and
allow the preparation of an efficient oral dosage form of ERL to
increase its efficacy and reduce its adverse effects.

Conflict of interest: No conflict of interest was declared by the
author. The author are solely responsible for the content and
writing of this paper.
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Flusilazole Induced Cytotoxicity and Inhibition of
Neuronal Growth in Differentiated SH-SY3Y
Neuroblastoma Cells by All-Trans-Retinoic Acid (Atra)

All-Trans-Retinoik Asit (Atra) ile Farkhlastirimis SH-SY5Y Noroblastoma
Hicrelerinde Flusilazole Bagh Sitotoksisite ve Néronal Buyiime inhibisyonu

O Elif KARACAOGLU*

Hacettepe University Faculty of Science, Department of Biology, Ankara, Turkey

ABSTRACT

Objectives: Flusilazole (FLUS) is a broad-spectrum organosilicon triazole fungicide used for protecting economically important cereals and orchard
fruits. Considering the exposure route of pesticides, pesticide contamination of food is inevitable. Furthermore, excessive exposure to pesticides
causes health problems in both target and non-target organisms. It was aimed to evaluate the effects of the triazole fungicide FLUS on cytotoxicity
and neurite extension in differentiated SH-SY5Y neuroblastoma cells.

Materials and Methods: The SH-SY5Y cells were differentiated into mature neurons using 10-uM all-trans-retinoic acid (RA) treatment for 7 days.
Then the differentiated SH-SY5Y cells were treated with 50, 100 and 200 pM FLUS for 24 h. Afterwards, cell viability assays were performed
including crystal violet, neutral red cell viability, and lactate dehydrogenase leakage assays. The morphological examinations were performed and
neurite lenghts of the cells were measured in all experimental groups.

Results: FLUS treatment induced cytotoxicity in SH-SYSY cells differentiated with RA. Significant decreases in cell viability percentages were
observed. Furthermore, neurite lengths were negatively affected by the treatment of FLUS at the highest concentration.

Conclusion: FLUS is a fungicide widely used in agriculture to protect crops from fungal diseases. However, the intensive use of these compounds
causes a potential risk to human and environmental health. According to the results of the study, it can be concluded that high concentrations of
FLUS cause neurotoxicity by causing neural cell death and adverse effects on neurite outgrowth in differentiated SH-SY5Y cells. FLUS exposure
can cause neuronal degeneration in mammals.

Key words: Flusilazole, cytotoxicity, SH-SYS5Y cell differentiation, neurite growth

(3 |

Amag: Flusilazol (FLUS) ekonomik agidan 6nemli tahil ve tahil trinlerini ve meyve bahgelerini korumak igin kullanilan genis spektrumlu bir
organosilikonlu triazol fungisittir. Pestisitlerin maruziyet yollari dikkate alindiginda besin yoluyla pestisit maruziyeti kaginilmaz olmaktadir. Ayrica
pestisitlere asiri derecede maruz kalmak hedef ve hedef olmayan organizmalarda saglik sorunlarina neden olmaktadir. Calismanin amaci, bir triazol
fungisit olan FLUS'nin farklilastirilmis SH-SY5Y néroblastoma hicrelerinde sitotoksisite ve nérit uzamasi tzerine etkilerinin degerlendirilmesidir.
Gereg ve Yontemler: SH-SY5Y hiicreleri 10 uM all-trans retinoik asit (RA) ile 7 giin boyunca olgun néronlara farklilastirilmistir. Farklilastiriimis SH-
SYS5Y hicreleri 50, 100 ve 200 pM FLUS ile 24 saat boyunca muamele edilmistir. Kristal viyole, notral kirmizisi canlilik testleri ile laktat dehidrogenaz
salim testlerini kapsayan hticre canlilik testleri yapilmistir. Ek olarak, morfolojik incelemeler yapilmis ve hiicrelerin nérit uzunluklari dlgUlmustar.
Bulgular: FLUS uygulamasi RA ile farklilastirilan SH-SY5Y hicrelerinde sitotoksisiteyi indtklemistir. Hucre canlilik ytzdelerinde dikkate deger
dususler gdzlenmistir. Ayrica en yuksek konsantrasyondaki FLUS uygulamasi ile nérit uzunluklari olumsuz yénde etkilenmistir.

Sonug: FLUS tarimda ekinleri fungal hastaliklardan koruma amaciyla yaygin olarak kullanilan bir fungisittir. Fakat bu bilesiklerin yogun kullanimi
insan ve gevre sagligi agisindan potansiyel risk olusturmaktadir. Calisma sonuglarina gére, yiiksek konsantrasyonlarda FLUS nin farklilastirilmig SH-
SYSY hicrelerinde noral hticre 6limine ve norit blytimesinde olumsuz etkilere neden olarak nérotoksisiteye yol agti§i sonucu gikarilabilir. FLUS
maruziyeti memelilerde néronal dejenerasyona neden olabilir.

Anahtar kelimeler: Flusilazol, sitotoksisite, SH-SYSY hicre farklilasmasi, norit btyimesi
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INTRODUCTION

The use of pesticides in agriculture enhances the production
quality of food and feeds. However, it causes several health
problems due to environmental and food contaminations.
Among these pesticides, triazole fungicides are commonly
used in agriculture for preventing fungal infections in fruits,
cereals, and vegetables and have pharmacological uses for
human and animal health."> Consequently, flusilazole (FLUS) is
a broad-spectrum organosilicon triazole fungicide that is used
for protecting economically important cereals and orchard
fruits.®* Its action mechanism can be attributed to the inhibition
of the lanosterol 14 alpha-demethylase (CYP51) enzyme that
plays a key role in sterol biosynthesis in fungus.> The CYP51
inhibition causes a reduction in the synthesis of ergosterol,
which is the basic element of the fungal cell wall and prevents
fungal cell growth. Consequently, the cell growth inhibition
results in fungal cell death. As CYP51 enzyme exists in human,
studies have reported that CYP51 inhibition caused by triazole
fungicides can adversely affect mammalian cells.® Previous in
vitro and in vivo studies asserted that triazole fungicides have
adverse effects on mammalian steroidogenesis and may induce
developmental toxicity such as craniofacial malformations.”
One study revealed that the estimated acceptable daily intake
of FLUS is about 0-0.007 mg/kg bw for humans.” However,
considering the exposure route of pesticides, pesticide
contamination of food is inevitable and excessive exposure
to pesticides can cause health problems on both target and
non-target organisms. Although previous studies have already
focused on cytotoxicity and oxidative stress of FLUS on
dopaminergic PC12 cells,® it is believed that the present study is
the first to reveal the effects of FLUS on neurite growth and to
compare cytotoxicity assays on differentiated SH-SY5Y cells.

The human neuroblastoma cell line SH-SY5Y cells are
commonly used in neurotoxicity and neurodegenerative disease
models.® /n vitro models of SH-SY5Y can be differentiated into
mature dopaminergic neuron-like phenotype via the induction
of retinoic acid (RA)" which is known to regulate the cell
cycle.? This differentiation of the neuronal cells in experimental
studies could provide homogenous neuronal cells." Additionally,
studies have shown that RA-induced differentiation can elevate
the susceptibility of SH-SY5Y cells against neurotoxins and
protective agents.® Furthermore, differentiated SH-SY5Y cells
are known to serve as a good model for studying experimental
Parkinson's disease model”® The increased incidence of
neurological diseases in recent years has necessitated the
increase in experimental studies evaluating the relationship
between chemicals and diseases. As exposure to environmental
contaminants is inevitable, revealing the potential neurotoxicity
effects of commonly used fungicides is important. In the present
study, it is aimed to evaluate the effects of FLUS on neurite
extension in differentiated SH-SY5Y neuroblastoma cells and
to compare three commonly used cytotoxicity tests.

MATERIALS AND METHODS

Cell culture conditions and differentiation of SH-SY5Y cells

SH-SY5Y human neuroblastoma cells purchased from
American Type Culture Collection (ATCC® CRL-2266™, ATCC,

VA, USA), which was cultured with Dulbecco’s minimum
essential  medium/nutrient  mixture F-12  (DMEM/F-12)
(Cegrogen Biotech GmbH, Germany) supplemented by 10%
fetal bovine serum (FBS) (Cegrogen Biotech GmbH, Germany)
and 1% penicillin-streptomycin antibiotic mixture at 37°C with
5% CO, in a humidified incubator. The culture medium was
renewed every 3 days and subcultured the cells by detaching
them with trypsin ethylenediaminetetraacetic acid (0.05%)
in Dulbecco’s phosphate-buffered saline (Cegrogen Biotech
GmbH, Germany). SH-SY5Y cells then was incubated for 48 h
for attachment. Finally, the culture medium was replaced with
differentiation medium (DMEM supplemented with 3% FBS and
10 puM all-trans-RA) for 7 days until treatment in the dark at 37°C
with 5% CO, in a humidified incubator.

Treatment of FLUS

First, FLUS was dissolved (PESTANAL®, analytical standard,
Merck KGaA, Darmstadt, Germany) in dimethyl sulfoxide
(Applichem, Darmstadt, Germany) to prepare 0.1 g/mL stock
solution. Then the working concentrations were prepared by
diluting the stock solution with cell culture medium. Next, the
differentiated SH-SY5Y cells were incubated with 0-500 uM
FLUS concentrations and performed crystal violet cell viability
assay to calculate the IC,, which was found at 182.42 uM. The
cell viability (15%) at high concentrations (500 uM) was found
very toxic. The working concentrations were based on the
calculated IC, value for further analyses. It is defined low and
middle doses as those with slightly toxic concentrations lower
than the IC_, and for high dose selection while high doses are
those with concentrations higher than the IC, value. Finally,
50-, 100-, and 200-uM FLUS concentrations were selected for
further analyses.

Crystal violet cell viability assay

First, the differentiated SY-SY5Y cells were seeded at 1x10*
cells/well into a 96-well culture plate and incubated them for
24 h for cell attachment. Then the cells were treated with O,
50, 100, and 200 uM FLUS at 37°C and 5% CO, in a humidified
incubator for 24 h after which we performed a crystal violet
cell viability assay. Briefly, the culture medium was discarded
with FLUS and mixed the cells with 4% neutral buffered
formalin for 1 h. After removing the fixative, the cells was
stained with 0.1% crystal violet solution for 30 min on a shaker
at room temperature. The cells then were washed with distilled
water several times to remove excess crystal violet dye. The
crystal violet dye was extracted in the cells using 10% acetic
acid solution until the dye was dissolved and then measured
the absorbance at 595 nm wavelength using a microplate
spectrophotometer (BIO-TEK pQuant, BIO-TEK Instruments,
Inc., USA). Finally, the cell viability was calculated based on the
100% viability of untreated cells.

Neutral red uptake assay

Similarly, the differentiated SH-SY5Y cells were seeded into a
96-well culture plate at a density of 1x10“ cells/well and allowed
them to attach onto the surface and grow for 24 h. Afterwards,
the cells were treated with FLUS concentrations (O, 50, 100,
200 pM) and were incubated at 37°C and 5% CO, in a humidified
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incubator for 24 h. A neutral red uptake assay was performed to
determine the cell viability. Briefly, the differentiated SH-SY5Y
cells were incubated with 40 pg/mL neutral red dye containing
the culture media for 4 h at 37°C and 5% CO, in a humidified
incubator. Then the culture medium was discarded, the cells
were washed twice with phosphate buffer saline twice, and
extracted the dye using a neutral red desorb solution (1% glacial
acetic acid, 50% ethanol in distilled water) for 20-45 min on a
shaker at room temperature. Afterwards, the absorbance was
measured at 540 nm wavelength for 1 h using a microplate
spectrophotometer (BIO-TEK pQuant, BIO-TEK Instruments,
Inc., USA). Finally, the cell viability was calculated based on the
100% viability of untreated cells.

Lactate dehydrogenase (LDH) leakage assay

LDH is a stable cytosolic enzyme that is released from cells when
cell membrane damage occurs. Consequently, LDH leakage
assay is commonly used to determine cell membrane damage.
We performed an LDH assay using a commercial kit (Biovision,
K313-500, USA). Briefly, the differentiated SY-SYSY cells were
seeded at a density of 2x10* cells/well into a 96-well culture
plate and incubated them at 37°C and 5% CO, in a humidified
incubator for 24 h. Then the culture medium was discarded and
the cells were treated with FLUS concentrations (O, 50, 100,
and 200 puM) for 24 h. At the end of the incubation time, the cells
were centrifuged at 600 g for 10 min using a plate rotor (5810R
Centrifuge, Ependorf AG, Hamburg, Germany). Afterwards,
| incubated 10 pL sample with 100 pL LDH reaction solution
for 30 min in the dark at room temperature. This assay utilizes
the enzymatic coupling reaction in which LDH oxidized lactate
to generate nicotinamide adenine dinucleotide and where the
water-soluble tetrazolium salt present in the reaction solution
generates yellow to amber color. The generated color intensity
directly correlates with the damaged cell amount. Finally, at the
end of the incubation time, we measured the absorbance at 450
nm wavelength using a microplate spectrophotometer (BIO-
TEK pQuant, BIO-TEK Instruments, Inc., USA). The percentage
of the cytotoxicity was calculated based on the 100% viability
of untreated cells.

Cell morphology analysis

The cell mofphology analysis was performed by capturing
micrographs of undifferentiated or differentiated treated cells
using an inverted microscope (Olympus CKX 41 inverted
microscope, CellSence Imaging Software, Olympus, Japan).
Each experiment was performed by measuring the neurite
lengths of undifferentiated or differentiated neurons using an
Image J Package with Neuron J.>1®

Statistical analysis

The statistical analyses were performed using the package
program of SPSS for Windows and calculated the IC,; value
through probit analysis. In order to determine the significant
differences between FLUS treatment and non-treatment groups,
ANOVA test was performed with 95% confidence interval
followed by Tukey post-hoc test. The data were expressed as
mean + standard error. All experiments were performed in
independent triplicates.

RESULTS

Morphological features of undifferentiated and differentiated
SH-SY5Y cells

The SH-SY5Y cells were differentiated by treating them with 10
UM RA for 7 days. Figure 1 demonstrates morphological features
of undifferentiated and differentiated cells. Undifferentiated
cells can be distinguished by the presence of clustered
round cells and short neurites (Figure 1A). On the other hand,
morphologically differentiated SH-SY5Y cells are characterized
by extensive neurites as well as pyramid-shaped cells (Figure
1B). To better distinguish the differences, the neurite lengths
of undifferentiated and differentiated SH-SY5Y cells were
measured, as shown in Figure 1C. While undifferentiated cells
showed shorter neurites, neurites were longer in cells that
underwent 7-day RA-induced differentiation. Differentiated SH-
SYSY cells were treated with different FLUS concentrations.
Figure 2 demonstrates the morphological effects of FLUS on
RA-induced differentiated SH-SY5Y cells. Accordingly, results
showed that FLUS treatment caused remarkable morphological
changes in differentiated SH-SY5Y cells, including apoptotic
cell death, which is characterized by round and small nuclei
and a decrease in neurite length (Figure 2). Apoptotic cells
increased in FLUS treatment groups, and neurite length
decreased in response to the highest FLUS concentration,
which was statistically significant compared with those in the
non-treatment group.

;‘.&,' v
2y

Neurite Length (pM)
—_ - N N
(8, o (8, ] o (5}

o

C Undiffentiated SHSYSY cells

Differentiated SHSYSY cells

Figure 1. A) Undifferentiated SH-SY5Y cells with clustered, round-shaped
cell body and short neurites; B) RA-induced differentiated SH-SY5Y cells
with pyramidal-shaped cell body and extended neurites; C) neurite lengths
of undifferentiated and differentiated SH-SY5Y cells

RA: Retinoic acid
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Cell viability assay results

The cytotoxic effects of FLUS was evaluated by performing
different cytotoxicity assays (i.e., crystal violet, LDH, and
neutral red cell viability assays). Crystal violet assay revealed
an IC, value of 182.42 uM, which was the basis of our working
concentrations. As demonstrated in Figure 3, the decrease in
cell viability was statistically significant in 100- and 200-uM
FLUS treatment groups as compared with that in the control and
50-puM FLUS treatment groups. Meanwhile, as shown in Figure
4, LDH leakage assay results revealed that occurrences of cell
death increased in response to increasing FLUS concentrations.
At higher concentrations, FLUS increased the percentage of
cell death viability, which was statistically significant in the
100- and 200-pM FLUS treatment groups when compared with
that in the non-treatment and 50-pM FLUS treatment groups.
On the other hand, according to neutral red cell viability assay
results (Figure 5), remarkable decreases in cell viability were
statistically significant in all treatment groups. Significant
decreases were found between non-treatment and FLUS
treatment groups. Additionally, the cell viability in the 200-uM
FLUS treatment group was significantly different from that in
the 50- and 100-pM FLUS treatment groups.
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Figure 2. Morphological micrographs of differentiated SH-SY5Y cells in
the FLUS treatment groups: A) Control group; B) 50-uM FLUS treatment
group; C) 100-pM FLUS treatment group; D) 200-puM FLUS treatment group;
(—) apoptotic cell

FLUS: Flusilazole

DISCUSSION

Triazole fungicides have been used globally in various areas
including agriculture and medicine. However, excessive use of
fungicides could leave harmful residues in the environment and
cause risks in human health via consumption of contaminated
food and water."” For example, studies have shown that triazole
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Figure 3. Crystal violet cell viability assay results (%). aSignificantly
different from control group. bSignificantly different from 50-uyM FLUS
group
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Figure 4. LDH leakage assay results, cell death (%). *Significantly different
from control group. °Significantly different from 50-uM FLUS group

LDH: Lactate dehydrogenase, FLUS: Flusilazole

a
3 I a
0
0 50

100 200
Flusilazole (M)

-
o
o

% Cell Viability
8 &8 8 8

Figure 5. Neutral red cell viability assay results. ®Significantly different
from control group. °Significantly different from 50-uM FLUS group.
cSignificantly different from 100-pyM FLUS group
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fungicides, which are used to inhibit fungal CYP51 and increase
fungal cell wall permeability to kill fungi®" cause harmful
effects on the nervous system via neuropathological defects
in the murine brain as well as neuropathological lesions in the
peripheral nervous system.® Other studies also reported several
adverse effects of azole fungicides such as birth defects,
craniofacial malformations, and inhibition of steroidogenesis in
mammals.>'*?° Despite the wide range of risks in human health
caused by triazole fungicides, studies about the effects of FLUS
on human health are very limited.®” Because of the limited
information on the effects of FLUS on differentiated neurons,
this study aimed to elucidate the toxicity mechanism of FLUS
on neurite outgrowth and to compare cytotoxicity tests using
FLUS treatment.

In the field of neuroscience, in vitro models functionally
resemblingneuronsarelacking, especially for neurodegenerative
diseases including Alzheimer's disease. Although cell lines
such as SH-SY5Y cells are often used, these cells lack mature
neuronal functions and morphology, have ceased cell division,
and express specific markers.? However, SH-SY5Y cells could
be differentiated into mature neuron, and differentiated neuron
cells could serve as homogenous cell types, as demonstrated in
previous studies where SH-SY5Y cells were differentiated into
mature neuron-like cells by RA induction on a 7-day treatment
in dark conditions, and differentiated cells morphologically
changed as characterized by extensive neurites outgrowth.222?
Hence, the present study aimed to investigate the cytotoxic
mechanisms of FLUS on differentiated SH-SY5Y cells. The
action mechanism of RA was characterized by the activation
of transcription via binding to non-steroid nuclear hormone
receptors. Additionally, RA was shown to induce the Wnt
signaling pathway and play a role in the regulation of the
neurotrophin receptor gene transcription.® In this study, it was
observed that morphologically differentiated SH-SY5Y cells had
typical neurons with extensive neurites and pyramid-shaped
cell bodies. On the other hand, undifferentiated cells tend to
form clusters and had round-shaped cell bodies." According to
these results, | can say that the morphological differentiation of
SH-SY5Y cells was successful.

In vitro cytotoxicity assays can be useful in determining toxicity
levels in humans in toxicological studies. Cytotoxicity assays
differ in the types of assays as well as results depending on
the test principle.? It is important to carry out multiple markers
to exert reversible or irreversible effects of toxic substances.?®
In this study, three cytotoxicity assays were performed based
on different test principles for differentiated SH-SY5Y cells to
evaluate the mechanism of toxicity. The crystal violet assay
was selected to evaluate cell viability because of its reliable
and quick method and because crystal violet specifically binds
to DNA to reveal the cell viability. Neutral red uptake assay as
performed to evaluate the percentage of cell viability in terms
of lysosomal activity and the LDH leakage assay to evaluate
necrotic cell death.

To evaluate the viability of differentiated SH-SY5Y cells, we
performed crystal violet cell viability assay, which is a basic

method for determining cell viability by staining with crystal
violet dye that binds to DNA and proteins. This method depends
on staining attached viable cells because dead cells lose their
absorption and the amount of crystal violet dye is reduced.?
Results from this assay showed that FLUS treatment caused the
decrease in differentiated SH-SY5Y cells in a dose-dependent
manner. A previous study with 9.5-day-old rat embryos in vitro
reported that triazole treatment altered hindbrain development
and caused cranial nerve anomalies. The same study also found
that FLUS and other triazole derivatives were teratogenic.?°
The present study has shown that FLUS can induce cell death
at higher concentrations, consistent with previous studies.

Results showed that the release of LDH, an intracellular enzyme
found in the inner compartment of the cell, was significantly
increased at higher concentrations in the FLUS treatment
groups. Consequently, LDH leakage assay is described as
a cytotoxicity marker that reveals cell membrane damage as
irreversible cell death.?” As necrotic cells have permeable cell
membrane, leakage of LDH into the culture media as a result
of membrane damage is considered a hallmark of necrotic cell
death.?® Hence, in the present study the LDH leakage assay
was used to determine the necrotic cell death percentage. A
previous study treated zebra fish liver cell line with triazole
fungicides and evaluated the effects using LDH leakage assay.
That study revealed remarkable increases in LDH leakage at
higher concentrations of FLUS.? Similarly, the results of the
present study were consistent with the previously reported
study as is another previous study that also used triazole
fungicide to induce necrotic cell death in L929 cells.®® The
present study revealed that FLUS could adversely affect human
neuronal cells as membrane damage occurred in differentiated
SH-SY5Y cells after FLUS treatment, which eventually induced
necrotic cell death.

The neutral red uptake assay was performed to determine
cytotoxicity. The principle of this assay is based on the uptake
of neutral red dye (a water-soluble dye) into the lysosomes,
which processes energy required for cells.® The neutral red
uptake depends on pH gradients during the ATP production
process. As the net charge of the dye is zero, neutral red dye
could enter the cell. However, the interior of the lysosomes has
a lower pH than the cytoplasm via proton gradient. Because
of the pH gradient, the neutral red dye keeps the cytoplasm
positively charged so that the dye could retain inside the
lysosomes. Conversely, neutral red dye could not be retained
in the lysosomes in case of cell death or pH gradient changes.
Studies reported that this assay is highly sensitive to cell
viability quantification.® When plasma or lysosomal membranes
are damaged by chemicals, the ability of the endocytosis, which
requires energy for the process, to uptake the neutral red dye
decreases. According to neutral red uptake assay results in this
study, high concentrations of FLUS in SH-SYS5Y cells adversely
affected cell viability. These results indicate that FLUS may
cause lysosomal damage especially at higher concentrations.
All cytotoxicity test results demonstrated a downward trend in
cell viability. Despite some variations, it seemed that the most
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ABSTRAC T |

Objectives: Traditional treatment methods are becoming popular and commonly used in many societies and have become the first treatment option
for most people. While some of these methods are helpful, they can interact with medications the patient is taking for another disease and cause a
variety of life-threatening risks. Valerian (catweed) plant is used in traditional medicine as a sleep aid due to its sedative effects. Valerian may also
exert anticancer effect in vitro.

Materials and Methods: In this study, the cytotoxicty and oxidative stress effects of valerian root extract were evaluated in human liver hepatocellular
carcinoma (Hepg2) and human colorectal adenocarcinoma (Caco2) cell lines. The cytotoxicity was evaluated via the 3-(4,5-dimethythiazol-2-yD)-
2,5-diphenyl tetrazolium bromide test. Total reactive oxygen species analysis was performed via a 2',7'-dichlorodihydrofluorescein diacetate assay
in flow cytometry.

Results: Inhibition concentration 50 values were calculated as 936.6 and 1097.5 pg/mL in the Hepg2 and Caco?2 cell lines, respectively. It was
observed that valerian root extract did not induce oxidative stress in HepG2 and Caco2 cell lines.

Conclusion: These results indicate that the use of valerian root extract as an alternative method in cancer treatment may not be effective and may
cause a risk for public health. On the other hand, it may be safe at recommended tolerated concentrations since it does not cause oxidative stress.

Key words: Valeriana officinalis, HepG2, Caco?2, oxidative stress, MTT
(0 |

Amag: Geleneksel tedavi ydntemleri, birgok toplumda yaygin olarak kullanilmakta, popller hale gelmekte ve birgok kisi igin ilk tedavi segenegi olarak
karsimiza gikmaktadir. Bu yontemlerden bazilari yararli olmakla birlikte, kisinin baska bir hastalik igin kullandigi ilaglarla etkilesime girebilir ve gesitli
yasami tehdit edici risklere neden olabilir. Kediotu (catweed) bitkisi yatistirici etkisi nedeniyle geleneksel tip uygulamalarinda uyku dizenleyici
amagli kullanilmaktadir. Ayrica in vitro olarak kanser &nleyici etkiye sahip olabilecegi bildirilmistir.

Gereg ve Yontemler: Bu galismada, kediotu kdku ekstresinin sitotoksisite ve oksidatif stres etkileriHepg2 ve Caco2 hiicre hatlarinda degerlendirilmistir.
Sitotoksisite degerlendirmesi 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazolium bromide testi ile gergeklestirildi. Total-reaktif oksijen bilesikleri
analizi, hiicre akis sitometrisinde 2',7'-dichlorodihydrofluorescein diacetate testi ile gergeklestirildi

Bulgular: inhibisyon konsantrasyonu 50 degerleri Hepg2'de 936,6 pg/mL ve Caco? hiicre hatlarinda 1097,5 ug/mL olarak hesaplandi. Kediotu kokd
ekstresinin HepG2 ve Caco?2 hiicre hatlarinda da oksidatif strese neden olmadigi gézlenmistir.

Sonug: Bu sonuglar, kanser tedavisinde alternatif bir yontem olarak kediotu kkd ekstresi kullaniminin etkili olamayacagini ve halk sagligi agisindan
risk olusturabilecegini, diger yandan oksidatif strese neden olmadigi igin tavsiye edilen tolere edilen konsantrasyonlarda gtivenli olabilecegini
gostermektedir.

Anahtar kelimeler: Valeriana officinalis, HepG2, Caco2, oksidatif stres, MTT
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INTRODUCTION

The use of herbal products for the treatment of several diseases
has been widespread from the past to the present. In developed
countries, herbal remedies are considered over-the counter
drugs with strict regulations. However, in developing countries,
the use of herbal therapy methods and products lacks control.
Most of herbal drugs in the market have not been fully evaluated
from the toxicological aspect; thus, these products may cause
several adverse effects during therapy of the different body
systems!

Valeriana belongs to Valerianaceae family, which includes
approximately 300 species. Valeriana officinalis has been
generally used as an alternative traditional medicine for insomnia
and depression therapy. This medical plant has sedative,
anticonvulsant, hypnotic, and anxiolytic effects. In addition, this
plant has treatment potential for gastrointestinal and urinary
system problems. The V. officinalis compounds obtained by
extraction methods (EMs) include flavonoids, monoterpenes,
sesquiterpenes, valepotriates, iridoids, alkaloids, acid-like
gamma-aminobutyric acid (GABA), glutamine, and lignans,
which affect the central nervous system and have antioxidant
and vasorelaxant effects. Given these effects, V. officinalis is
a popular herbal remedy choice to cure insomnia, headache,
gastrointestinal system, cardiovascular system, and urinary
tract problems.?®

Valeriana herbal remedy can be effective in cancer patients.
Valerian herb ingredients with anticancer effects have been
given great concern by the scientific area. However, herbal
therapy implementers have been attempting to cure cancer
patients with insufficient valerian products.®

In this work, we have observed the cytotoxic and oxidative
stress-inducing effects, which play important roles in killing
cancer cells, of methanolic extract of V. officinalis on HepG2
and CaCo2 cell lines.

MATERIALS AND METHODS

Valeriana officinalis extraction

V. officinalis roots were purchased commercially from a
traditional herbal drug store in istanbul and pulverized in a
porcelain mortar. A total of 75 mL methanol was added to 15 g
powdered V. officinalis roots and incubated at room temperature
in a shaker for 24 h. After the incubation period, the extraction
solution was filtered with a Whatman no.1 filter, and methanol
was evaporated with fractional distillation.”

Cell culture and 3-(4,5-dimethylthiazol-2-yD-2,5-
diphenyltetrazolium bromide (MTT) test human liver
hepatocellular carcinoma (HepG2- HB-8065™) and human
colorectal adenocarcinoma (Caco2- HTB-37™) cell lines were
purchased from the American Type Culture Collection (Virginia,
USA), and the cells were maintained as per manufacturer’s
instructions. Exactly 1000 mg/mL extract was prepared
by dissolving V. officinalis roots in 100% dimethyl sulfoxide
(DMSO0) and stored at +4°C until the experiments. Before the
cell treatments, the extract was diluted with DMSO at a final

concentration of 1%. Given the selected concentrations for
cytotoxicity assay, the root extract was dissolved in a cell
culture medium to prepare the desired concentrations. The
treatments were performed at a concentration range for 24 h
to evaluate the dose-dependent effects. All study experiments
were performed in triplicates in three different days.

The HepG2 and Caco2 cells were seeded into 96-well plates
(1x10* cells/100 pL cell culture medium/well). After overnight
incubation, the cells were treated with V. officinalis extract at the
concentrations of 200, 400, 600, 800, and 1000 uM and control
for 24 h. In the control group, the final DMSO concentration was
1%. Then, MTT was added into the wells, and the wells were
incubated for another 3 h at 37°C in the dark. Optical densities
were measured at 570 nm using a microplate reader (Biotek,
Epoch, Vermont, USA).2

Total reactive oxygen species (Total-ROS) assay with
2',7'-dichlorodihydrofluorescein diacetate (H,DC-FDA).

Different pathological conditions were associated with the ROS
increase in cells. Thus, changes in the ROS level are detected
in basic studies. Given the short half-life of ROS, effective
detection methods are important during observations. H,DC-
FDA is a non-fluorescent dye, and in the presence of ROS,
it returns a green fluorescent with oxidation.” In the present
study, the ROS production was evaluated with H,DC-FDA dye
with by a flow cytometer. The 5x10° HepG2 and Caco?2 cells in
2 mL medium per well were seeded into six-well plates and
incubated overnight. The cells were treated with 100, 200, 100,
and 600 pg/mL concentrations. These concentrations exerted
a cell viability higher than 70% in the MTT assay for 24 h. The
1% DMSO solution was used as the negative control for the
experiment. After 24 h, the cells were washed with phosphate-
buffered saline (PBS) twice and incubated with 20 yM H,DC-
FDA at 37°C for 30 min. The cells were detached with trypsin-
ethylenediaminetetraacetic acid after the incubation period
and washed with PBS. Then, the cells were re-suspended
with 1% BSA in 150 pL PBS. The fluorescence intensity of 10
cells was measured with an ACEA NovoCyte flow cytometer
(San Diego, California, USA), and the results were expressed
as the percentage of median fluorescence intensity (MFI %) as
previously described.®

Statistical analysis

All the experiments were performed as three replicates; the
results were presented as the mean + standard deviation. The
statistical comparison results were analyzed using the one-
way analysis of variance followed by Tukey's test for post hoc
analysis, and the statistical significance was set at p<0.05
(SPSS, version 21.0, USA)

RESULTS

Cell viability

According to MTT results, the percentage of cell inhibition in
Caco?2 and HepG2 cell lines with V. officinalis methanolic extract
exposure increased and was concentration dependent for 24 h
(Figure 1, Table 1). The inhibition concentration 50 (IC, ) values
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were calculated by graph slope formulations. The IC, values
were 939.68 pg/mL for HepG2 cells and 1097.58 pg/mL for
Caco2 cells.

Total-ROS induction

The IC,, values of V. officinalis methanolic extract in HepG2 and
Caco2 cell lines were calculated for the Total-ROS evaluation.
The calculated IC, values were 600.12 ug/mL for HepG2 cells
and 672.95 pg/mL for CaCo2 cells. The 100, 200, 400, and 600
pg/mL concentrations were selected for the Total-ROS analysis
to determine the ROS production with a flow cytometer via
H,DC-FDA. No statistically significant difference was observed
between the concentration groups for MFI for both cell lines.
The V. officinalis methanolic extract did not cause an increase in
the ROS production after a 24 h exposure (Figure 2).

DISCUSSION

Valerian belongs to Valerianaceae family, which includes
approximately 300 species existing only in Western countries,
and contains several different phytochemicals that may
have nervous system protection, diuretic, antispasmodic,
anthelmintic, antioxidant, antimicrobial, anti-inflammatory,
antirheumatic  sedative, anticonvulsant, and diaphoretic
effects.® As a medicinal herbal plant, valerian is important in
traditional therapy for sleeping and anxiety disorders due to its
effects on the GABA A receptor system." V. officinalis products
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are widely used for different type of diseases. In recent years,
the usage of valerian products in cancer cure increased due to
herbal implementers.?

Several people die worldwide due to different cancer types,
and new therapeutic development studies pique the interest of
scientists. Oxidative stress induction plays an important role in
cancer cell death induction via chemotherapeutics. Oxidative
stress has evident effects on cancer cell induction and cancer
cell death mechanisms. Oxidative stress may induce cancer
cell proliferation via DNA damage or can be a therapeutic
strategy to cure cancer via inducing cancer cell death through

Table 1. MTT results of Valeriana officinalis extract exposure

Concentration (ug/mL)  Cell viability inhibition (%)

HepG2 Caco2
200 499 6.81
400 18.36 17.30
600 33.36 29.28
800 4015 33.1
1000 52.95 45.72

MTT: 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazolium bromide,
HepG2: Human liver hepatocellular carcinoma, Caco2: Human colorectal
adenocarcinoma
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Figure 1. Cell viability inhibition (%) values of Valeriana officinalis methanolic extract on HepG2 and Caco?2 cell lines increased with concentration dependence.

Graph slope formulations are shown on the graphs

HepG2: Human liver hepatocellular carcinoma, Caco2: Human colorectal adenocarcinoma
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Figure 2. DC-FDA analysis results for HepG2 and Caco2 cell lines after 24 h exposure to Valeriana officinalis methanolic extract. ROS production was not

induced (p>0.05)

DC-FDA: 2',7'-dichlorodihydrofluorescein diacetate, HepG2: Human liver hepatocellular carcinoma, Caco2: Human colorectal adenocarcinoma, ROS: Reactive oxygen species

apoptosis?® In different clinical trials, varied results were
reported on valerian species in vitro and in vivo. In human
neuroblastoma (SH-SY5Y) cell line, de Oliveria et al.2reported
that aqueous V. officinalis extract exerted a protective role
against apoptosis with rotenone exposure. Wang et al.”® showed
the antioxidant effects of V. jatamansi on HepG2, human cervix
carcinoma, breast cancer (MDA-MB-231), and human umbilical
vein endothelial cells. Kakehashi et al." reported that V. sitchensis
added in drinking water of male F344 rats significantly
suppressed the 8-hydroxy-29-deoxyguanosine generation
after hepatocarcinogenesis initiation by diethylnitrosamine
at 50, 500, and 5000 ppm concentrations. The antioxidant
catalase levels and apoptosis increased, and cell proliferation
significantly decreased. The apoptosis induction was associated
with the suppression of c-myc, Mafb, and cyclin D1 expression
and increased expression levels of p21Waf1/Cip1, p53, and Bax.
These results indicated that V. sitchensis administration can be
associated with carcinogenesis inhibition." Zhu et al™ showed
the anticancer effects of V. jatamansi F3 fraction in vitro and in
vivo. In MCF-10A cells, the F3 fraction administration increased
the intracellular ROS production and induced apoptosis, which
play key roles in cancer inhibition. Sudati et al™ reported
that V. officinalis ethanolic extract has an antioxidant effect
against different toxic agents in rat brain homogenates. In
addition, different studies showed the antioxidant effect of V.
officinalis®'® Tian et al!” reported that a V. jatamansi ingredient,
valtrate, induced apoptosis in MDA-MB-231 and MCF-7 cells and
inhibited cell migration. In another study, Han et al.?° reported
that valeric acid, one of the important ingredients of valerian
root extract, inhibits liver cancer development via histone
deacetylase inhibition.

Quan et al.”’ isolated different iridoids from V. jatamansi roots,
and two of these iridoids showed inhibitory effects on human
glioma stem cells. Sen-Utsukarci et al.??> reported that V.
alliariifolia ethanolic extracts obtained with different EMs (EM1
and EM2) have a high antioxidant capacity. Additionally, two
different ethanolic extracts had different IC_, values (EM1 >200

pg/mL and EM2 <10 pg/mL). Bos et al.?* showed the cytotoxic
effects of different ingredients isolated from V. officinalis on
human small-cell lung cancer cell and human colorectal cancer
cell line (COLO 320) with MTT test. Valerenic acid and its
derivatives, such as acetoxyvalerenic acid, hydroxyvalerenic
acid, and methyl valerenate, which are obtained from V.
officinalis, exhibited extremely low toxicity in both cell lines
at the 100-200 pM concentration range.?. In our study, the
calculated IC, values of V. officinalis methanolic extracts were
939.68 pg/mL for HepG2 cells and 1097.58 pg/mL for Caco2
cells. Differences in cytotoxicity results among studies of
Valeriana species may depend on the different subtypes of the
plant, plant section differences, EM differences, and study cell
type.

In our study, the exposure of HepG2 and CaCo2 to the
methanolic extract of V. officinalis in all exposure groups did not
induce significant ROS production levels. Our results indicate
that the methanolic extracts of V. officinalis may not induce cell
death in cancer cell lines via oxidative stress induction. These
results can be associated with commercial products obtained
from different herbalists, which are less effective or ineffective
in cancer cells.

CONCLUSION

In conclusion, the effects of V. officinalis extracts on cancer cells
should be analyzed in detail with further studies that include
different extraction protocols and with cultivated medical plants
to define the anticancer effects of V. officinalis.
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Wound Healing Effectivity of the Ethanolic Extracts
of Ageratum conyzoides L. Leaf (White and Purple
Flower Type) and Centella asiatica and Astaxanthin
Combination Gel Preparation in Animal Model

Ageratum conyzoides L. Yapragi (Beyaz ve Mor Cicekli Tur) ve Centella
asiatica Etanol ile Hazirlanmis Ekstreleri Astaksantin Kombinasyonunu
Iceren Hazirlanmis Jelin Hayvan Modelinde Yara lyilestirici Etkisi
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Objectives: The study’s objective was to determine the wound healing activity of the combination of ethanolic extracts of Ageratum conyzoides L.
leaf (white and purple), Centella asiatica, and astaxanthin gel preparation.

Materials and Methods: For in-gel preparation, three different formulas of gelling agents, namely carbopol 934 (1%), hydroxypropyl methylcellulose
(HPMC) (9%), and natirum-carboxymethylcellulose (Na-CMC) (4%), were employed. Then, the organoleptic, pH, spreadability, and viscosity of the
formulas were evaluated. To determine wound healing activity, six treatments, including negative control (placebo), positive control (bioplacenton),
BPS5 (A. conyzoides L. leaf ethanolic extract of white flower type 5%, C. asiatica L. Urb leaf ethanolic extract 2.5%, astaxanthin 0.05%), BUS (A.
conyzoides L. leaf ethanolic extract of purple flower type 5%, C. asiatica L. Urb leaf ethanolic extract 2.5%, astaxanthin 0.05%), BU10 (A. conyzoides L.
leaf ethanolic extract of purple flower type 10%, C. asiatica L. Urb leaf ethanolic extract 5%, and astaxanthin 0.1%), and BP10 (A. conyzoides L. leaf
ethanolic extract of white flower type 10%, C. asiatica L. Urb leaf ethanolic extract 5%, and astaxanthin 0.1%) were evaluated. All treatments were
applied to an incision wound (1.5 cm). Measurement of the wound length was conducted daily for 14 days.

Results: The results showed that the carbopol 934 (1%) gelling agent formula was better than HPMC and Na-CMC. Meanwhile, the percentages
of wound healing activity for negative, positive, BP5, BU5, BU10, and BP10 groups were 72.51%, 69.36%, 70.14%, 81.70%, 86.54%, and 80.21%,
respectively. The BUS and BU10 showed significant activity (p<0.05) compared with positive and negative controls.

Conclusion: BU10 provided the best wound healing activity and can be developed as a commercial product.

Key words: Ageratum conyzoides L., astaxanthin, Centella asiatica, gel preparation, wound healing

() |

Amag: Calismanin amaci, Ageratum conyzoides L. yapragl (beyaz ve mor), Centella asiatica ve astaksantin jel preparatinin etanol ekstrelerinin
kombinasyonunun yara iyilestirici aktivitesini belirlemekti.

Gereg ve Yontemler: Jel hazirlamada, 3 farkli jellestirme ajani formulumiz vardi: Karbopol 934 (%1), hidroksipropil metilseliloz (HPMC) (%9) ve
sodyum-karboksimetil seltiloz (Na-CMC) (%4). Daha sonra bu formiilleri organoleptik 6zellikleri, pH'leri, yayilabilirlikleri ve viskoziteleri dahil olmak
Uzere farkli parametreler ile degerlendirdik. Yara iyilestirme aktivitesini belirlemek igin olusturulan alti grup: Negatif kontrol (plasebo), pozitif kontrol
(bioplasenton), BP5 (beyaz gigekli A. conyzoides L. yapraginin etanol ekstresi %5, C. asiatica L. Urb yapragi etanol ekstresi %2,5 ve astaksantin
%0,05), BUS (mor gigekli A. conyzoides L. yapraginin etanol ekstresi %5, C. asiatica L. Urb yapragi etanol ekstresi %2,5 ve astaksantin %0,05), BU10
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(mor gigekli A. conyzoides L. yapraginin etanol ekstresi %10, C. asiatica L. Urb yapragi etanol ekstresi %5 ve astaksantin %0,1), BP10 (beyaz gigekli
A. conyzoides L. yapraginin etanol ekstresi %10, C. asiatica L. Urb yapragi etanol ekstresi %5 ve astaksantin %0,1) seklindeydi. Tim gruplar 1,5 cm
uzunlugunda kesi ile tedavi edildi. Yara uzunlugunun 6l¢imi 14 giin boyunca gtinlik olarak gergeklestirildi.

Bulgular: Karbopol 934 (%1) jellestirici madde formiild, degerlendirme testine gére HPMC ve Na-CMC'den daha iyiydi. Negatif, pozitif, BP5, BU 5,
BU10 ve BP10 gruplari igin yara iyilestirme aktivitesi ylzdesi sirasiyla; %72,51, %69,36, %70,14, %81,70, %86,54 ve %80,21 olarak bulundu. BU5 ve

BU10, pozitif ve negatif gruplara kiyasla anlamli aktivite gosterdi (p<0,05).

Sonug: BU10, en iyi yara iyilestirme aktivitesi gosteren formul olarak ticari olarak gelistirilme potansiyeli olan formilasyon olarak belirlendi.
Anahtar kelimeler: Ageratum conyzoides L, astaksantin, Centella asiatica, jel hazirlama, yara iyilesmesi

INTRODUCTION

A wound is defined as a physical, chemical, or thermal injury
or insult that results in an opening or breaking in the integrity
of the skin or disruption of anatomical and functional integrity
of living tissues." Global wound prevalence has reached ~8.2
million people, and medical care costs range from $28.1 to
$96.8 billion.2 Many wound healing products are available
in the market. To date, there is no standard topical treatment
for wound healing. Bioplacenton is a topical preparation that
is available in the market. This product is commonly used for
wound healing treatment by Indonesians.® The ingredients of
bioplacenton include neomycin sulfate 0.5% and placenta
extract 10%.* Placenta extract accelerates the healing of the
wound size, followed by reduction of transforming growth
factor and elevation of vascular endothelial growth factor and
CD31+°

Ageratum conyzoides, Centella asiatica, and astaxanthin have
been shown to have wound healing activity.®” Ethanolic extract
of A. conyzoides exhibits a 40% increase in tissue tensile
strength and a 33% decrease in re-epithelialization time,
high collagen, and cellular infiltration.® Different extractions
of C. asiatica (hexane, ethyl acetate, methanol, and water
extract) show tensile strength and develop epithelization and
keratinization of the wounds.® Asiaticoside and madecassoside
from C. asiatica play an essential role in this wound healing
activity.”” Astaxanthin is a powerful antioxidant, which is isolated
from a lobster!" Besides that, astaxanthin provides wound
healing activity by reducing iNOS and increasing CollAl and
bFGF.? Col1A1 provides instructions for making collagen, which
supports many tissues, including the skin. Meanwhile, bFGF
regulates many biological functions, including tissue repair.3*
However, the wound healing activity of these combinations is
still unknown. Therefore, this study aimed to evaluate the wound
healing activity of A. conyzoides, C. asiatica, and astaxanthin
combination gel preparation.

MATERIALS AND METHODS

Ethical clearance

All the procedures were performed according to the Guide for
the Care and Use of Laboratory Animals and approved by Bakti
Tunas Husada Health Sciences College Ethical Committee (no:
03/kepk-bth/04/20).

Plant materials and extract preparation

A. conyzoides and C. asiatica leaves were collected from the
Galunggung Mountain area, Tasikmalaya, West Java. The
plants were authenticated by the School of Life Science and
Technology, Institut Teknologi Bandung. Astaxanthin was
obtained from Sigma Aldrich. The leaves were shade-dried
and coarsely powdered by a grinder and stored in an airtight
container at room temperature. The dried leaves of A. conyzoides
L. (1000 g, purple flower type and 1000 g white flower type) and
C. asiatica (2000 g) were used for maceration by ethanol 96%
for 24 h, and this process was repeated thrice. The extract was
filtered and concentrated using a rotary evaporator at 60°C. The
percentage yield was calculated, and the extract was preserved
in a refrigerator at 4°C until further use.

Standardization of simplicia

Simplicia was standardized using organoleptic, microscopic,
and secondary metabolite analysis. The secondary metabolites,
including alkaloid, flavonoid, polyphenol, quinone, tannin,
monoterpenes-sesquiterpenes, triterpenoid, and steroid, were
determined according to Fransworth’s methods.”®

Preformulation of gel preparation

The objective of the gel preformulation was to determine the
best gel formula from three bases, including carbopol 934
1%, hydroxypropyl methylcellulose (HPMC) 9%, and natirum-
carboxymethylcellulose (Na-CMC) 4%. The preformulation
was checked for organoleptic, pH, homogeneity, viscosity, and
spreadability.

Wound healing activity test

The treatments were

(i) Negative control (placebo),

(ii) Positive control (Bioplacenton),

(iii) BP5 (A. conyzoides L. of white flower 5%, C. asiatica L. Urb
2.5%, astaxanthin 0.05%),

(iv) BUS (A. conyzoides L. of purple flower 5%, C. asiatica L. Urb
2.5%, astaxanthin 0.05%),

(v) BU10 (A. conyzoides L. of purple flower 10%, C. asiatica L.
Urb 5%, and astaxanthin 0.1%), and

(vi) BP10 (A. conyzoides L. of white flower 10%, C. asiatica L.
Urb 5%, and astaxanthin 0.1%).
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All treatments were applied to an incision wound of 1.5 cm. The
wound healing capacity was determined by daily measurement
of the wound length using calipers for 14 days.

Statistical analysis

The obtained data were analyzed using analysis of variance,
followed by posthoc test of least significant difference. The
data were considered significant if the p value was <0.05. All
statistical analyses were performed using SPSS 16.00.

RESULTS AND DISCUSSION

Standardization of simplicia

The standard was evaluated based on organoleptic,

microscopic, and non-specific parameters as well as
phytochemical screening. The results of the organoleptic and

microscopic parameters (Table 1), and non-specific parameters

such as water content, ash content, dry shrinkage, and yields
(Table 2) fulfilled the Indonesia Materia Medica Standard and
Indonesia Herbal Pharmacopeia criteria®'” Therefore, these
simplicia were qualified for further wound healing test activity.
Phytochemical screening study was positive for flavonoid,
alkaloid, saponin, polyphenol, tannin, quinone, steroid-
triterpenoid, and monoterpene-sesquiterpene, but negative for
tannin (Table 3).

Evaluation of the gel preparation

In the organoleptic evaluation, carbopol 934 gel preparation
gave the best texture and color compared with Na-CMC and
HPMC (Table 4, Figure 1). Thus, carbopol 934 bases in three
concentrations (0.5%, 1%, and 1.5%) were used for further
gel preparation formula evaluation (Table 5). The parameters,
including stability, organoleptic, pH, viscosity, and spreadability
for three cycles at two temperatures, 2°C and 40°C (Table 6).

Table 1. Organoleptic and microscopic data

Simplicia Organoleptic

Microscopic

Form: Powder

Centella asiatica L. Urb Color: Green

Odor: Aromatic typical

Taste: Bitter

Stomata, hair cover, oxalic acid, sklerenkim,
epidermis, wooden vessel

Form: Powder
Color: Pale green
Odor: Aromatic typical

Ageratum conyzoides L. leaf (white flower type)

Taste: Bitter

Stomata, hair cover, secretion cells and
essential oil, stomata

Form: Powder

Ageratum conyzoides L. leaf (purple flower type) Color: Green

Taste: Bitter

Odor: Aromatic typical

Stomata, hair cover, secretion cells, epidermis,
wooden vessels

Table 2. Non-specific parameters

No. Parameters

Results (%) Standard (%)

Water content

1 a. Ageratum conyzoides L. leaf (white flower type) 533
b. Ageratum conyzoides L. leaf (purple flower type) 533 <10
c. Centella asiatica L. Urb 6.67
Ash content

> a. Ageratum conyzoides L. leaf (white flower type) 11.84 13
b. Ageratum conyzoides L. leaf (purple flower type) 10.57 a3
c. Centella asiatica L. Urb 10.60 {18.05
Dry shrinkage

3 a. Ageratum conyzoides L. leaf (white flower type) 8.7 <10
b. Ageratum conyzoides L. leaf (purple flower type) 9.91 <10
c. Centella asiatica L. Urb 9.68 M
Yields

4 a. Ageratum conyzoides L. leaf (white flower type) 20.16
b. Ageratum conyzoides L. leaf (purple flower type) 13.87 N

c. Centella asiatica L. Urb

11.74
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Table 3. Phytochemical screening

Ageratum conyzoides L. leaf Centella asiatica L. Urb
Secondary metabolite

Simplicia Extract Simplicia Extract
Flavonoid + + + +
Alkaloid + + + +
Saponin + + ¥ +
Polyphenol + + + +
Tannin - - - -
Quinone + + + +
Steroid/triterpenoid + + + +
Monoterpene/sesquiterpene + + + +

+: Positive results, -: Negative results

HPMC o Na CMC Carbopol 934
Texture: Bubbly and liquid Texture: Liquid Texture: Viscous
Colour: Yellowish Colour: Clear Colour: Clear

Figure 1. Organoleptic evaluation of three basis gel preformulation
HPMC: hydroxypropyl methylcellulose, Na-CMC: Natirum-carboxymethylcellulose

Table 4. Preformulation of gel preparation

Substances F1 (%) F2 (%) F3 (%)
Carbopol 934 - - 1
Hydroxypropyl methylcellulose 9 - -
Na-carboxymethylcellulose - 4 -
Propylenglycol 15 25 2
Triethinolamine - - gs
Propy!l paraben 015 0.2 -
Methyl paraben 018 018 -
Tween 80 - 2 -

Aguades Ad20g Ad20g Ad20 g
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Table 5. Formulation of gel preparation

Substances F3a (%) F3b (%) F3c (%)
Carbopol 934 0.5 1 15
Propylenglycol 2 2 2
Triethanolamine gs gs gs
DMDM hyndantoin 0.5 0.5 0.5
Aquades Ad15¢g Ad15¢g Ad15g

Table 6. Evaluation of gel preparation

Hasil
Parameter Standard
F3a (%) F3b (%) F3c (%)

Organoleptic Yellowish Clear Clear Clear
Homogenity Homogen Homogen Homogen Homogen
Consistency Viscous Viscous Viscous Viscous
pH 7 6.25 6 4-6.5
Spreadability 7.2cm 5.8 cm 4.8cm 4-6 cm

The results of the evaluation showed that carbopol 1% gave the
best formulas and fulfilled the criteria.®® Hence, carbopol 1%
(F3b) was combined with A. conyzoides L. leaf ethanolic extract
(white and purple flower type), C. asiatica leaf ethanolic extract,
and astaxanthin.

The determination of wound healing activity

Wound healing is comprised of three phases: Inflammation,
proliferation, and remodeling. The first phase involves
polymorphonuclear and macrophage inflammation, which
last 3-5 days. The second phase is marked with a new tissue
formation, fibroblast, endotel, and collagen formation. The third
phase is the maturation phase that provides tensile strength,
epithelium, and new tissue growth.?"23

The BU10 treatment showed the best wound healing activity
compared with other groups (p<0.05) (negative and positive
controls, BP5, and BP10), but not superior (p>0.05) than BUS
(Figure 2, 3). The wound healing percentage of BUIO was
86.54%, with complete remission time on the 8" day (Figure
2). Meanwhile, the positive control (bioplacenton) showed no
difference from the negative control (p>0.05). Currently, we
could not confirm this phenomenon.

The wound healing activity of BUT0 may be due to the
secondary metabolite composition in A. conyzoides L. leaf
(purple flower type), C. asiatica, and the antioxidant activity
of astaxanthin®™242% The flavonoids in A. conyzoides L. leaf,
such as kaempferol and quercetin, showed anti-inflammation,
antioxidant, and immunomodulatory activity.?#?> Alkaloid and
saponin composition of A. conyzoides L. leaf also has a role
in wound healing activity through fibroblast initiation, anti-
inflammation, cell repairing, and strength of the skin cells.??

WOUND HEALING

120,00

100,00

80,00

60,00

40,00

PERCENTAGE

20,00

0,00

-20,00

=@==Negative ==@=="Positive BPS BU5 e=@==BU10 ==@==BP10

Figure 2. Wound healing activity test

Besides, C. asiatica secondary metabolites such as asiaticoside
and madecassoside play an important role in wound healing
activity although madecassoside is more effective than
asiaticoside!®?® Asiaticoside stimulates collagen, epidermis
formation, antioxidant activity, and anti-inflammation activity,
resulting in the inhibition of scar formation.??

CONCLUSION

The combination of A. conyzoides L. leaf ethanolic extract
(purple flower type) 10%, C. asiatica L. Urb leaf ethanolic extract
5%, and astaxanthin 0.1% showed the best wound healing
activity and can be developed as a commercial product. Future
studies are required to determine the relationships between
antioxidants and wound healing activities.
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Time (days) Negative

Groups positive BU10

10
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Figure 3. Wound healing comparison between negative control vs. positive control vs. BU10
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Compounds by LC-MS/MS and Biological
Activities of Ajuga reptans L., Ajuga salicifolia (L.)
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ABSTRAC T

Objectives: In this study, it was aimed to characterize the phenolic contents of Ajuga reptans L., Ajuga salicifolia (L.) Schreber and Ajuga genevensis
L. and to investigate their in vitro antioxidant and antimicrobial activities.

Materials and Methods: Air dried aerial parts of A. reptans L., A. salicifolia (L.) Schreber, and A. genevensis L. collected from Turkey were extracted
with methanol (70%), and the phenolic composition of the crude extracts was analyzed by liquid chromatography with tandem mass spectrometry
(LC-MS/MS) method. To determine the total phenolic content the Folin-Ciocalteu method was used. The radical scavenging activities of the extracts
were evaluated by the photometric 1,1-diphenyl-2-picrylhydrazyl radical, and trolox equivalent antioxidant capacity assays (TEAC). Furthermore,
Ajuga sp. extracts were tested against Escherichia coli NRRL B3008, Staphylococcus areus ATCC 6538, Salmonella thyphimurium ATCC 13311, Bacillus
cereus NRRL B-3711, Candida albicans ATCC 90028, Candida tropicalis ATCC 1369, and Candida parapsilosis ATCC 22019 using the in vitro broth
dilution assay.

Results: The LC-MS/MS analyses identified 19 compounds. The amount of total phenolics ranged from 30.0 to 42.2 mg gallic acid equivalent/g in
all extracts. According to the results of TEAC assay, the tested extracts were found to have relatively high activity at 1.2-1.5 mM concentrations.
Ajuga sp. extracts inhibited all tested microorganisms; however, C. albicans, C. tropicalis, and C. parapsilosis exhibited relatively more susceptibility
(minimum inhibitory concentration: 156.25 pg/mL) compared to the bacteria tested.

Conclusion: The antioxidant activities of all extracts were determined for the first time by the TEAK method, and the in vitro antimicrobial activity
of A. salicifolia was investigated for the first time against selected strains.

Key words: Ajuga reptans, Ajuga salicifolia, Ajuga genevensis, LC-MS/MS, antioxidant activity, antimicrobial activity

()'Z |

Amag: Bu galismada Turkiye'de yetisen Ajuga reptans L., Ajuga salicifolia (L.) Schreber ve Ajuga genevensis L.'nin fenolik igeriklerinin karakterizasyonu,
in vitro antioksidan ve antimikrobiyal aktivitelerinin arastirilmasi amaglanmistir.

Gereg ve Yontemler: A. reptans L., A. salicifolia (L.) Schreber ve A. genevensis L'nin toprak Ustu kisimlari metanol (%70) ile ekstre edilmis ve
liyofilize edilerek ardindan sivi kromatografi tandem kiitle/kiitle spektrometre (LC-MS/MS) ile karakterizasyonlari yapilmistir. Toplam fenolik madde
miktarlari Folin-Ciocaltaeu yontemi ile belirlenmistir Ekstrelerin radikal stptrtcy etkileri 1,1-difenil-2-pikrilhidrazil ve troloks esdegeri antioksidan
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kapasite (TEAK) yontemleri kullanilarak degerlendirilmistir. Ayrica, Ajuga sp. ekstrelerinin antimikrobiyal aktiviteleri, Escherichia coli NRRL B3008,
Staphylococcus areus ATCC 6538, Salmonella thyphimurium ATCC 13311, Bacillus cereus NRRL B-3711, Candida albicans ATCC 90028, Candida tropicalis
ATCC 1369 ve Candida parapsilosis ATCC 22019'a kars! in vitro mikrodilisyon yontemiyle ¢alisiimistir.

Bulgular: LC-MS/MS analizleriyle 19 fenolik bilesik tanimlanmistir. Tim ekstrelerde toplam fenol miktari 30,0-42,2 mg gallik asit esdegeri/g arasinda
bulunmustur. TEAK antioksidan aktivite sonucunda ekstreler (1,2-1,5 mM) konsantrasyonlarda nispeten yiiksek aktivite gdstermistir. Ajuga sp.
ekstreleri, test edilen tiUm mikroorganizmalara karsi antimikrobiyal aktivite gostermistir. Ancak ekstreler, test edilen bakterilere kiyasla C. albicans,
C. tropicalis ve C. parapsilosis suslarina karsi nispeten daha fazla etkili (minimal inhibisyon konsantrasyonu: 156,25 pg/mL) bulunmustur.

Sonug: TEAK yontemi ile tim ekstrelerin ilk defa antioksidan aktiviteleri belirlenmistir ve A. salicifolia'nin in vitro antimikrobiyal aktivitesi segilen
suslara karst ilk kez incelenmistir.

Anahtar kelimeler: Ajuga reptans, Ajuga salicifolia, Ajuga genevensis, LC-MS/MS, antioksidan aktivite, antimikrobiyal aktivite

INTRODUCTION Phytochemical  constituents  diterpenoids, ~ such  as

The Lamiaceae family includes more than 245 genera and 7886~ Phenylethanoid  glycosides,  sterols,  phytoecdysteroids,
species distributed worldwide.! Ajuga L. is a genus of annual flavonoids, ?”d iridoids were reported as the main active
and perennial herbaceous flowering plants in the Lamiaceae ~ COMPounds in Ajuga L. species.”

family, with most species native to Asia, Africa, and Europe. ~ Ajuga salicifolia sterol glycosides were isolated and tested

Ajuga is represented by 14 species and 27 taxa in Turkey.? for antimicrobial and cytotoxic activity.” Iridoid, ionone, and
phenylethanoid glycosides from the same group were also

Ajuga has a long history of use for wound healing preparation, reported for this species®

and although little used today, it is well known in Anatolia as
“Mayasil otu”. Some Ajuga species are widely consumed as
diuretic, diaphoretic, astringent, antipyretic, and tonic in Turkish
traditional medicine.?

Phytochemical profile of Romanian Ajuga genevensis L. and
A. reptans reptans were recently reported.® A summary of
phytochemical investigations on A. salicifolia, A. reptans, and A.
genevensis species are listed in Table 1.3¢ |n vitro antioxidant

Ajuga sp. plants are reported for their in vitro antimalarial,®  and antimicrobial activity of different extracts of Romanian A.
antimicrobial,>® antioxidant,® anti-inflammatory,” lipoxygenase,  genevensis L. and A. reptans were recently reported.® Previous
acetylcholinesterase, and butyrylcholinesterase inhibition,? antimicrobial activity results of A. reptans, A. genevensis and A.
antipyretic,” and antiproliferative' activities. salicifolia are listed in Table 2.3

Table 1. Literature data on phytochemical profile for Ajuga species

Species Compounds References
Ajuga reptans Iridoid glycoside (ajureptaside) 19

Ajuga reptans Iridoid glucosides (ajureptaside A-D) 24

Ajuga salicifolia Iridoid, ionone and phenylethanoid glycosides (8-O-acetylharpagide corchoionoside C, leonosides A) 13

Ajuga genevensis  Neo-clerodane diterpenoids (ajugavensins A-C) 18

Ajuga salicifolia Clerodane diterpene (ajugachin a derivative) 20

Ajuga reptans Neo-clerodane diterpenes (ajugatansins) 2

Ajuga salicifolia Sterol glycosides (ajugasalicioside A-E) 2

Ajuga reptans Phytoecdysteroids (28-Epi-sengosterone) 36

Ajuga salicifolia Stigmastane sterols (ajugasalicigenin) 22

Ajuga reptans Anthocyanins (cyanidin) 25

Ajuga reptans Anthocyanins (delphinidin) 26

Ajuga reptans Anthocyanins (cyanidin and delphinidin glucosides) 2

Ajuga genevensis innamic acids (caffeic acid, chlorogenic acid), flavonoids (apigenin and luteolin-7-O-glucoside) 17

Ajuga reptans ydroxycinnamic acids (caffeic acid, chlorogenic acid), flavonoids (apigenin and luteolin-7-O-glucoside

Ajuga genevensis Hyfiroxycinqamic acid§ (caffeic gcid, p-coumaric acid, ferulic acid), flavonoids (hyperoside, isoquercitrin, 6

rutin, quercitrin, luteolin, apigenin)
Hydroxycinnamic acids (p-coumaric acid, ferulic acid), flavonoids (isoquercitrin, rutin, quercitrin, luteolin, 6

Ajuga reptans o
apigenin)
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Table 2. Literature survey of antimicrobial activity for Ajuga salicifolia, Ajuga genevensis, and Ajuga reptans

Componuds/species Microorganisms MIC (mg/mL) inhibition zone (mm) References
B. cereus ATCC 10702,
S. epidermidis ATCC 12228
Ajugasalicioside A, B, C, D, E S. aureus ATCC 25923 12
compounds from A. salicifolia M. luteus ATCC 99431 No activity was found
P. aeruginosa ATCC 27853 y
C. albicans ATCC 2579
F. oxysporum, F. verticillioides
MeOH extract of P. brevicompactum, P. expansum
A. reptans A. flavus, A. fumigatus Range of 37
MeOH extract of F. oxysporum, F. verticillioides 2.65 mm-31.65mm
A. reptans P. brevicompactum
S. aureus 209, S. aureus (Makarov)
S. aureus Type, S. epidermidis Wood 46, E. coli Range of
Water extract from aerial parts of i YP - &P . " 7 mm-15 mm 38
A cenevensi 675, S. gallinarum, P. vulgaris
- genevensis B. subtilis L2, B. anthracoides 96
MeOH extract B. subtilis ATCC 6633 8.5 mm-10.00 mm 39
from A. reptans E. coli ATCC 25922
E. coli ATCC 25922, P. aeruginosa ATCC
27853, S. typhimurium ATCC 14028, S.
marcescens ATCC 8100
Water, MeOH and EtOH extracts from  P. vulgaris ATCC 13315, E. cloacae ATCC 40
aerial parts of A. reptans 23355, K. pneumoniae ATTC 13883, S. 70 mm-11.7 mm
pyogenes ATTC 19615 ' '
S. aureus ATTC 25923, S. epidermidis ATCC
12228
S. aureus ATCC 49444, P. aeruginosa ATCC
MeOH and EtOH extracts from flowers 27853, L.monocytogenes ATCC 19114, E. coli MIC value of 29
of A. genevensis ATCC 25922 1.56-6.25
S. typhimurium ATCC 14028
S. aureus ATCC 49444, P. aeruginosa ATCC MIC value of
MeOH and EtOH extracts from flowers 27853, L. monocytogenes ATCC 19114, E. coli 156-6.25 28
of A. reptans ATCC 25922 ’ ’
S. typhimurium ATCC 14028
EtOH, PE and Chl. extracts A. flavus ATCC 9643, A. niger ATCC 6275, C. 6
from aerial parts of albicans ATCC 10231, C. parapsilosis ATCC MIC value of
A. genevensis 22019, P. funiculosum ATCC 56755, 0.05-01
A. flavus ATCC 9643
EtOH, PE and Chl. extracts A. niger ATCC 6275 MIC value of
from aerial parts of C. albicans ATCC 10231 0.05-0.025 6

A. reptans

C. parapsilosis ATCC 22019
P. funiculosum ATCC 56755

A. genevensis was used in traditional Austrian medicine
and consumed as medicinal tea in treating respiratory tract
disorders,* and in vitro anticancer activity studies were
reported from Europe, Asia, and America.®

A. reptans grows natively in Europe and have bluish-purple
flowers colored with anthocyanin pigments! It was used
in Mediterranean traditional medicine for cardiovascular
complications and skin disorders™ and in traditional Austrian
medicine as a medicinal tea for the treatment of respiratory

tract disorders A previous study showed that A. reptans L. is
used due to the anti-inflammatory effects of its polyphenols,
its wound healing properties, and antidiarrhea, antiulcerogenic,
and hepatoprotective effects due to the presence of iridoids.”

In the present study, 70% methanol extract of aerial parts of A.
reptans L., A. salicifolia (L.) Schreber, and A. genevensis L. from
Turkey were evaluated for their phytochemical profiles, total
phenol, and total flavonoid contents, as well as their in vitro
antioxidant and antimicrobial activities. LC-MS/MS techniques
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were used for phytochemical analyses. /n vitro 11-diphenyl-2-
picrylhydrazyl (DPPH) radical, and trolox equivalent antioxidant
capacity (TEAC) assays were performed. Additionally,
antimicrobial properties of Ajuga extracts were assessed
against microbial strains of Escherichia coli NRRL B3008,
Staphylococcus areus ATCC 6538, Salmonella thyphimurium
ATCC 13311, Bacillus cereus NRRL B-3711, Candida albicans ATCC
90028, Candida tropicalis ATCC 1369, and Candida parapsilosis
ATCC 22019.

To the best of our knowledge, this is the first study to perform
the TEAC antioxidant activity for all extracts and the in vitro
antimicrobial activity of A. salicifolia.

MATERIALS AND METHODS

Chemicals

Antimicrobial standards, Mueller Hinton Broth, and RPMI-
1640 medium were purchased from Sigma-Aldrich Chemical
Co (Sigma-Aldrich Corp., St. Louis, MO). All chemicals and
solvents used were of analytical grade.

Plant materials

A. reptans L.: [AI(E) Kirklareli: igneada, Fidanlik kavsagi, 350
m, N 41 52" 253" E 27 56’ 11", 21 v 2009], A. salicifolia (L.)
Schreber: (B3, Eskisehir: Caglan kdyu, 1000 m, K 390 39’
971" D 300 31" 185", 31 vi 2010), and A. genevensis L. [AI(E)
Kirklareli: Derekdy yolu, 449 m, K 410 50" 6.13 D 270 18’ 318",
22 v 2009] were collected and identified by Dr. Y.B Ké&se,
and herbarium materials were deposited in the Herbarium of
Anadolu University, Faculty of Pharmacy under herbarium code
YBK1560, YBK1575, and YBK 1561, respectively.

Preparation of extracts

The aerial parts of the plants were dried in the shade at room
temperature and ground to powder in a mechanical grinder.
Each species (1 g) was extracted with methanol (70%, 100 mL)
for 24 h, three times a day. After filtration, the solvents were
evaporated under vacuo.

Phytochemical analysis by liquid chromatography with tandem
mass spectrometry (LC-MS/MS)

The phytochemical analyses were performed using LC-MS/MS
techniques.®

Determination of phenolic compounds

The total phenols contained in the extracts were calculated
using the Folin-Ciocalteu method equivalent to gallic acid
(GA).*° A sample solution (100 pL) and Folin-Ciocalteu reagent
(500 pL) were added to a 10 mL scale vessel containing 6 mL of
distilled water. After 1 min, 1.5 mL of 20% aqueous Na,CO,was
added and completed with water to reach 10 mL. The reagent-
free of extracts was used as the control. After incubation at
259C for 2 h, the absorbance was read at 760 nm and compared
with the GA calibration curve. The total amount of phenolic
was calculated as equivalent to GA. Three parallel experiments
were performed, and the results were reported as mean values.

Biological activity

DPPH radical scavenging assay

The DPPH radical scavenging activity was performed according
to Kumarasamy et al.® For this purpose, 100 pL of methanol
and samples were transferred to the first column of 96-well
microtiter plates. A 10-well dilution was made in an equal
amount of MeOH via a multi-channel pipette and stirred in the
vortex for 5 min. The DPPH stock solution was prepared by
dissolving 2 mg of DPPH* in 25 mL of MeOH, and solution was
added to each well and left in a dark place for 30 min. Butylated
hydroxy toluene (BHT) and GA at the same concentration were
used as positive controls, and ultraviolet (UV) absorbance
was measured at room temperature using a Biotek microplate
spectrophotometer at 517 nm.

The following equations using 50% inhibition concentration
(IC,) (equation 1) and percentage (%) inhibition values (equation
2) were calculated as follows:

IC,, = [(A,-A)/A ] x 100 equation (1)

(ADS controt - AbS samstc)
ADbS conuot

Percentage Inhibition= [ ]xlOO equation (2)

TEAC assay

Experiments were performed as declared by Papandreou et
al.®2 sweeping ABTS** (2,2'-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid) radical and vitamin E. It is based on the
comparison of water-soluble analog with trolox. The mixture
of 7 mM ABTS** and 2.5 mM sodium persulfate was kept in
the dark for 12-16 h, resulting in the formation of blue-colored
radicals. A sample (10 pL) and ABTS** solution (990 pL) were
mixed, and absorbance was measured at 734 nm per minute
intervals for 30 min. To find out the TEAC activity results, the
ABTS** radical was plotted using Trolox's 2.5-2-1.5-1-0.5-0.1
(mM) concentrations, according to the % inhibition values. For
quantification, a Trolox calibration curve was used where all
experiments were repeated in triplicates.

Antimicrobial activity

Antimicrobial activity testing was performed according to the
guidelines of broth microdilution methods.**% Standard strains,
E. coli NRRL B3008, S. areus ATCC 6538, S. thyphimurium
ATCC 13311, B. cereus NRRL B-3711, C. tropicalis ATCC 1369, C.
parapsilosis ATCC 22019, and C. albicans ATCC 90028, as well
as antimicrobial standards, such as ampicillin, tetracycline,
ketoconazole, and oxiconazole, were used in this study. Methanol
extracts were prepared at 1250-2.44 pg/mL concentrations
and dissolved in dimethylsulfoxide and initial test solutions.
Serial dilutions were prepared at 64-0.125 pg/mL for ampicillin,
tetracycline, and ketoconazole. All experiments were evaluated
in triplicates, and mean values were reported.

Statistical analysis

Data obtained from antioxidant and total phenolic content
experiments were expressed as mean standard error. IC_,
values were estimated using a non-linear regression algorithm.
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RESULTS AND DISCUSSION flavonoids, and phenylethanoid glycosides. Figures 1-3 show
LC-MS/MS analysis of the extracts the 280 nm UV chromatograms of A. reptans, A. genevensis and

Screening of the extracts by LC-MS/MS enabled the A. salicifolia, respectively. The compounds detected from Ajuga
identification of phenolic acids, such as coumaroy! glucoside, sp. methanol extracts are listed in Table 3.
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Figure 1. HPLC-UV chromatogram (280 nm) of A. reptans
HPLC: High performance liquid chromatography, UV: Ultraviolet
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Figure 2. HPLC-UV chromatogram (280 nm) of A. genevensis
HPLC: High performance liquid chromatography, UV: Ultraviolet
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Figure 3. HPLC-UV chromatogram (280 nm) of A. salicifolia
HPLC: High performance liquid chromatography, UV: Ultraviolet

Table 3. Phytochemical composition of A. reptans, A. salicifolia and A. genevensis extracts

No Compound Rt [M-HJI- Fragments Plant Reference
1 Caffeoyl glucose 6.4 341 179, 161, 133 R 4

2 Coumaroyl glucoside 8.5 325 163, 119 S (major), G 4142
3 Caffec acid 1.2 179 135 G

4 Coumaroyl glucoside isomer 133 325 163, 119 S (major), G 4142
5 Luteolin derivative 14.6 487 285, 133, 117 R (major), G (major) 43

6 Apigenin-C-hexoside-C-pentoside 14.7 563 443, 383, 353 G 44

7 Echinocoside 15.4 785 623, 461, 161 R (major) 44
8 Forsythoside B 15.6 755 593, 461, 161 S 45
9 Forsythoside A 16.3 623 461, 315, 161 R (major), G (major) 45
10 Cistanoside A 185 799 623, 461,175, 193 SR 45
1 Leonosides A 189 769 593, 461, 315, 193, 175 S

12 Quercetin glucuronide 19.0 477 301, 227, 133 G 41
13 Verbascoside 19.2 623 461,315, 161 R

14 Leucoseptoside A 19.6 637 461,175 RS 45
15 Luteolin glucuronide 20,1 461 285 R, G (major) 43
16 Luteolin glucoside 21.6 447 285 S 46
17 Luteolin 35.4 285 175,133 G 6.29
18 Apigenin 379 269 149117 G 29

R: A. reptans, S: A. salicifolia, G: A. genevensis
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As aresult, the only substance commonly identified in all Ajuga
species was forsythoside A and luteolin glucuronide.

The coumaroy! glucose and its glucoside isomer (Figure 4, 5)
were determined for A. salicifolia extract. The echinacoside
(Figure 6) was detected in A. reptans extract. The LC-MS/
MS sprectrum of luteoline derivative (Figure 7), forsytoside A
(Figure 8), and luteoline glucuronide (Figure 9) were observed
in both A. reptans and A. genevensis extracts.

The phenolic acids as caffeic acid and flavonoids; apigenin-
C-hexoside-C-pentoside, quercetin glucuronide, luteolin, and
apigenin were identified only for A. genevensis. Furthermore,
the phenylethanoid glycosides forsythoside B and leonosides
A were identified only for A. salicifolia. The phytochemical
research on Ajuga species focus on the isolation of flavonoids,
caffeic and chlorogenic acid type derivates, phenylethanoid
glycosides, phytoecdysteroids, iridoids, and diterpenes./21317-24
Some anthocyanins, delphinidin, and cyanidin 3-O-sophoroside-
5-0O-glucosides, were acylated with p-coumaric acid, while
ferulic acid and malonic acid were isolated from the flowers of
cell cultures of A. reptans.®%

Total phenolic amounts of the extracts

The amount of total phenolics ranged from 30.0 to 42.2 mg
GA equivalent (GAE)/g of the extracts. The phenolic amounts
equivalent to GA in all three methanol extracts are shown
in Table 4. The highest total phenolic level was found in the
methanol extract of A. reptans. In previous studies, the total

B Snimadzu LC Controtier DetectorA, Channel 1 from Sample 1 (FG114H 15SmgmispIk 2) of FG114H 15SmgmispIR 2.wire
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phenolic content of methanol extracts of A. reptans and A.
genevensis has been evaluated to be 20.86+0.53 mg RE/g dw?®
and 22.63+0.61 mg GAE/g.?

DPPH radical scavenging activity

DPPH radical scavenging activity results are presented in
Table 4. The positive control, BHT with IC_, value of 0.06 mg/
mL, was found as the most potent antioxidant. The highest
radical scavenging activity were obtained for A. salicifolia
(IC,,: 0.28+0.01 mg/mL) and A. reptans (IC_: 0.30£0.01 mg/
mL) extracts. A correlation was also found between radical
scavenging capacity and total phenol content. Previous studies
showed the antioxidant activity of the methanol extract of A.
genevensis flowers as IC_: 72.08+6.02 pg/mL? and A. reptans
as IC,: 8316+5.21.

However, there have been no reports on the antioxidant
activity of A. salicifolia. This study is the first to determine the
antioxidant activity of A. salicifolia.

TEAC assay

The results obtained for the evaluation of the antioxidant activity
using TEAC assay are presented in Table 4. ABTS** radical
sweeping impact results are in parallel with the results of the
DPPH radical scavenging effect. Extracts from all three plants
show ABTS** radical scavenging activity at 1% concentrations,
but these effects are not as high as the BHT used as the
standard.
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Figure 4. LC-MS/MS sprectrum of in coumaroy! glucose (2) in A. salicifolia extract
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Figure 9. LC-MS/MS sprectrum of luteoline glucuronide (15) in A. reptans and A. genevensis extracts

LC-MS/MS: Liquid chromatography with tandem mass spectrometry

Table 4. Total phenolic contents and antioxidant activities of the extracts

Extract Total phenolic content (mg GAE/g extract)* DPPH activity (IC,,, mg/mL) TEAC (mM)
A. reptans 42.0+0.01 0.30+0.01 1.4+0.02
A. salicifolia 38.0£0.00 0.28+0.01 15£0.02
A. genevensis 30.0£0.01 0.44+0.02 1.2:0.04
BHT - 0.06+0.00 1.9+0.03

*Total phenolic content was expressed as GAE, each value in the table is represented as the mean + SD (n=3). TEAC: Trolox equivalent antioxidant activity, GAE:
Gallic acid equivalent, BHT: Butylated hydroxy toluene, DPPH: 1,1-diphenyl-2-picrylhydrazyl, SD: Standard deviation, IC: Inhibition concentration

There have been no reports on the antioxidant activity
performed by a TEAC assay. Antioxidant activity was performed
for the first time in this study for A. reptans L., A. salicifolia (L.)
Schreber, and A. genevensis L. species found in Turkey.

Antimicrobial activity

The seven different strains tested in this study are presented in
Table 5. Ajuga L. extracts showed antimicrobial effect against
all microorganisms tested and were more effective against
yeasts than bacteria [minimum inhibitory concentration (MIC):
156.25 pg/mL]l. The MIC was 312.5 pg/mL for E. coli NRRL
B-3008, S. areus ATCC 6538, S. thyphimurium ATCC 13311, and

B. cereus NRRL B-3711 for methanol Ajuga extracts. As a result,
the antimicrobial activity was observed in Ajuga extracts,
especially against Candida strains.

Data from previous studies on the antimicrobial activity of A.
reptans, A. genevensis, and A. salicifolia are listed in Table 2.
To the best of our knowledge, this is the first report on the
antimicrobial evaluation for methanol extract of A. salicifolia,
which was more effective against yeast than bacteria.

CONCLUSION

We disclose the phytochemical profiles of A. reptans, A.
salicifolia, and A. genevensis collected from Turkey.
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Table 5. Minimum inhibitory concentrations (pg/mL)

Microorganisms Extracts Standard antimicrobials
A. genevensis A. reptans A. salicifolia KT OXC AMP TCY

Escherichia coli NRRL B-3008 3125 3125 3125 - - 4 16
Staphylococcus aureus ATCC 6538 312.5 312.5 3125 - - 2 8
Salmonella typhimurium ATCC 13311 3125 3125 3125 - - 2 8
Bacillus cereus NRRL B-3711 3125 3125 3125 - - 0.5 4
Candida albicans ATCC 90028 156.25 156.25 156.25 4 1 - -
Candida tropicalis ATCC 1369 156.25 156.25 156.25 2 05 - -
Candida parapsilosis ATCC 22019 156.25 156.25 156.25 2 2 - -

KT: Ketoconazole, OXC: Oxiconazole, AMP: Ampicillin, TCY: Tetracycline, (-): Not tested

The extracts were found to contain valuable metabolites;
phenolics acids, coumaroyl glucoside, flavonoids,
and phenylethanoid glycosides. The phytochemicals could
be employed as potential chemotaxonomic markers because
different phytochemicals were observed between the three
Ajuga species.

The scope of this study included the biological potential of
methanol extracts of A. reptans, A. salicifolia, and A. genevensis
evaluated for the first time against some pathogenic strains.

Ajuga species may be considered a valuable natural source
against Candida infections and candidal resistance. However,
further in vitro and in vivo experiments using different
alternative Candida and fungal species are required to validate
these screening results.
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Investigation of the Rheological Properties of
Ointment Bases as a Justification of the Ointment
Composition for Herpes Treatment

Herpes Tedavisi icin Merhem Bilesiminin Dogrulanmasi Amaciyla Merhem
Bazlarinin Reolojik Ozelliklerinin Arastiriimasi
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ABSTRAC T |

Objectives: Combinatorial drugs are among the leading pharmacotherapeutic agents, including those used for the treatment of herpetic infections,
which require complex treatment. We have developed a soft dosage form of ointment, which includes acyclovir and miramistin, which have
antimicrobial, anti-inflammatory, and local immunoadjuvant activity. The study aimed to investigate the rheological properties of ointment bases in
order to substantiate the composition of a soft dosage form with antiviral effect using the active ingredients miramistin and acyclovir.

Materials and Methods: The object of the study was to determine the heterogeneous and homogeneous composition models of the bases made
using a wide range of excipients. Structural and mechanical studies were performed using the “Rheolab QC" rotary viscometer by Anton Paar
(Austria) with coaxial cylinders CC27/S-SN29766. The rheological parameters were investigated at a temperature of 25°C+0.5°C. The samples
were thermostated using a thermostat MLM U15c. The batch of sample weighing about 15.0+0.5 g was placed in the container of an external
stationary cylinder. The required temperature of the experiment was set and the thermostating time was 20 min. The device is equipped with
RheoPlus 32 V3.62 software.

Results: The rheological behavior of the model compositions was analyzed in terms of indicators, such as yield strength, hysteresis square,
coefficients of dynamic flow, and mechanical stability. It was found that all samples have a non-Newtonian pseudoplastic type of flow. The model
of spreading optimums was used to evaluate consumer properties. According to the rheological parameters, it is advisable to use the sample based
on paraffin and vaseline oil for further research.

Conclusion: The findings from this study will be relevant in the development of the soft dosage form for the treatment of herpes viral diseases.
Key words: Ointment bases, soft dosage forms, rheology, structural and mechanical properties

(0 |

Amag: Kombinatoryal (birlesimsel) ilaglar, karmasik tedavi gerektiren herpetik enfeksiyonlarin tedavisinde kullanilanlar da dahil olmak tzere 6nde
gelen farmakoterap6tik ajanlar arasindadir. Antimikrobiyal, anti-inflamatuvar ve lokal imminoadjuvan aktiviteye sahip asiklovir ve miramistin iceren
merhemin yumusak bir dozaj formunu gelistirdik. Calisma, miramistin ve asiklovir aktif bilesenleri kullanilarak antiviral etkiye sahip yumusak bir
dozaj formunun bilesimini dogrulamak igin merhem bazlarinin reolojik 6zelliklerini arastirmayi amaglad.

Gereg ve Yontemler: Calismanin amaci, gok gesitli yardimci maddeler kullanilarak yapilan merhem bazlarinin heterojen ve homojen bilesim modellerini
belirlemektir. Yapisal ve mekanik galismalar, koaksiyel silindirler CC27/S-SN29766 ile Anton Paar (Avusturya) tarafindan tretilen “Rheolab QC”
doner viskozimetre kullanilarak gergeklestirilmistir. Reolojik parametreler 25°C+0,5°C sicaklikta belirlenmistir. Numunelerde, bir termostat MLM
U15c kullanilarak sicaklik kontrolt sagland. Yaklasik 15,0+0,5 g agirligindaki numune yigini, harici bir sabit silindirin kabina yerlestirildi. Deney igin
gerekli sicaklik ayarlandi ve termostatlama stresi 20 dakikaydi. Cihaz RheoPlus 32 V3.62 yazilimi ile donatilmistir.

Bulgular: Model kompozisyonlarinin reolojik davranisi, akma dayanimi, histerezis karesi, dinamik akis katsayilari ve mekanik kararlilik gibi géstergeler
agisindan analiz edildi. Tum 6rneklerin Newtonyen olmayan bir psédoplastik akis tipine sahip oldugu bulundu. Tuketici ézelliklerini degerlendirmek
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igin yayllma optimumlari modeli kullanildi. Reolojik parametrelere gore, daha fazla arastirma igin parafin ve vazelin bazli numunenin kullaniimasi

tavsiye edilir.

Sonug: Bu galismanin bulgulari, herpes viral hastaliklarinin tedavisi igin yumusak dozaj formunun gelistirilmesinde yararli olacaktir.
Anahtar kelimeler: Merhem bazlari, yumusak dozaj formlari, reoloji, yapisal ve mekanik 6zellikler

INTRODUCTION

Soft dosage forms are dispersed systems with a viscous-
plastic dispersed medium characterized by a non-Newtonian
type of flow. Their viscosity at a given temperature and shear
stress varies non-linearly, depending on the shear rate.?3

When developing the composition of soft dosage drugs, much
attention is paid to the study of their rheological properties
and the structural and mechanical parameters determine the
stability of viscose-dispersed systems.* A comprehensive
study of rheological characteristics is of both theoretical and
practical interest, since they can be an effective and objective
criterion for quality control at the stage of creation, production,
storage, and use of drugs.>® The rheological properties affect
the release of medicinal substances, therapeutic efficacy of
drugs, consumer requirements (the process of extrusion from
tubes, convenience, and ease of lubrication on the skin), and
production characteristics (the process of dispersion and
packaging).™

Soft dosage forms are complex systems that contain a base
and active ingredients!® Properly selected base provides
the necessary speed and completeness of the medicinal
substances released, comfort in usage, and stability during
storage of drugs.!''? Therefore, the study of the structural and
mechanical properties of ointment bases is an important step
in the development of soft dosage forms.®™

Today, combinatorial drugs are among the leading
pharmacotherapeutic agents, including those used for the
treatment of herpetic infections, which require complex
treatment. Choice of drug combination allows the expansion of
drug action and the complex influence on diseases, enhances
the activity of every ingredient, improves tolerability, and
reduces side effects.*™

Herpetic infections occur in the form of mono-, mixed and
coinfections and can be asymptomatic (latent), in an acute,
chronic persistent form with a recurrent course, as well as
in the form of an atypical chronic active infection.?® Currently,
the combined drugs are leading among pharmacotherapeutic
agents, including the treatment of herpetic infections, which
require complex treatment. Drug combination choice allows
to expand the range of action of the drug and the complex
influence on the disease, activity of the every ingredient, as
well to improve tolerability.?? We have developed a soft dosage
form in the form of an ointment, which includes acyclovir [TEVA
Pharmaceutical and Chemical (Hang-zhou) Co., Ltd, China] and
miramistin (Infamed LLC, Russia), which has antimicrobial,
anti-inflammatory and local immunoadjuvant action.

MATERIALS AND METHODS

The objects of the study were ointment bases (Table 1). The
ointment bases, which have been developed using excipients
that are widely used in soft dosage technology, were obtained
were obtained at National University of Pharmacy, Department
of Industrial Technology of Drugs. The excipients used includes
propylene glycol (BASF SE, Germany),?” proxanol-268 (NPF
“Perftoran” OJSC, Russia), polyethylene oxide-400 (Dow
Chemical, Germany),?®vaseline oil(Bormawachs, Italy),?" paraffin
(LLC “Novokhim,” Ukraine), cetostearyl alcohol (Guangzhou
Yiming Chemical Material Co., Ltd., China),?? twin-80 (MN &
Gustav Heess Ukraine, Ukraine), carbopol 934 (Kylin Chemicals
Co., Ltd., China), triethanolamine (LLC “Novokhim”, Ukraine),?
corn oil (Nordolio, ltaly), eucerit (LLC NPP “Electrogazokhim”
Ukraine), aristoflex AVC (Clariant, Switzerland), vaseline (Balea,
Germany),?” emulsifier “Solid-2" (LLC NPP “Electrogazokhim”,
Ukraine), isopropylmyristate®® (MN & Gustav Heess Ukraine,
Ukraine),® and hydroxyethylcellulose (LLC “Linkchem”,
Ukraine). The rheological (structural-mechanical) properties
of the bases were determined using a “Rheolab QC” rotary
viscometer (Anton Paar, Austria) with coaxial cylinders CC27/
S-SN29766. The rheological parameters were investigated at
a temperature of 25°C+0.5°C. The samples were thermostated
using a thermostat MLM U15c.

The batch of sample weighing about 15.0£0.5 g was placed
in the container of an external stationary cylinder; the
required temperature of the experiment was set and the time
of thermostating was 20 min. The device is equipped with
RheoPlus 32 V3.62 software. Measurements of the rheological
flow curve were performed in 3 stages:

1. Linear increase at the rate of shear velocity from 0.1 s” to
350 s with 105 measurement points and duration of the
measurement pointis 1s;

2. Constant shift at a speed of 350 s™for 1 s of duration;

3. Linear decrease at the rate of shear velocity from 350 s
to 0.1 s with 105 measurement points and duration of the
measurement point is 1s.

The range of the shear rate gradient 0.1-350 s corresponds to
the range speed of 0.075-270 revolutions per minute.

The device allows the measurement of tangential bias voltage
(1) in the range of 0.5-3.0 10 Pa, gradient of the shear rate (y)
from 0.1 to 4000 s7, and viscosity (h) from 1to 10 Pa sec. Using
RheoPlus 32 V3.62 software, the hysteresis square (A, Pa/sec)
was calculated. The points (yield) strength (t,, Pa) and viscosity
at the infinite shear rate (n_, Pa's) was calculated using the
Casson model:>®
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Table 1. Composition of the ointment bases

Numbers of bases/contents of components, g

Ingredients
Ne 1 Ne 2

Ne 3

Ne 4 Ne 5 Ne 6 Ne 7 Ne 8

Propylene glycol 24.0 -

10.0

10.0 - -

Proxanol-268 54.0 - -

Polyethylene oxide-400 22.0 -

10.0

- 12.0 10.0 - -

Vaseline oil - 85.0 -

- 25.0 - 5.2 -

Paraffin - 15.0 -

Cetostearyl alcohol - - -

- 25.0 - - -

Twin-80 - - -

- 2.0 - - -

Carbopol 934 - - 1.5

Triethanolamine - - 1.5

Corn oil - -

10.0

20.0 - - - -

Emulsifier Ne 1 - - 6.0

Aristoflex AVC - - -

2.0 - - - -

Vaseline - - -

93.6 -

Emulsifier T-2 - - -

Isopropylmyristate - - -

Hydroxyethylcellulose - - -

Purified water to - -

100.0

100.0 100.0 100.0

o

=T+ (- 7)2

where T, - yield strength, Pa;

(%) |u
|

T

1 - dynamic viscosity, Pas;
y - shear rate, s

The Casson model describes an imperfect plastic type of flow,
in which there is a disproportionate relationship between shear
rate and stress and most closely corresponds to the nature of
the flow of the investigated ointment bases.

A coefficient of dynamic flow was determined at the speed
rates of 3.4 and 10.2 s, which correspond to the velocity of the
palm, while soft dosage form distribution over the surface and
viscosity of the system was determined at the velocity rates of
27.0 and 155 s7, which display the velocity of the processing
procedure while manufacturing. Based on the results obtained,
the values of coefficients of the dynamic flow of the system
were calculated by the formulas:*¢

Naa — Nioo
K, = 3.4 ~ Mo02 . 100%
UER
Kd-z — No7 = MN133 100%
N27
where Km, Kdz - the dynamic flow coefficients;

1 - apparent viscosity at specified shear rates

For a more complete study of samples, the parameters of their
mechanical stability (MS) were calculated. It is known that the
optimal value of MS is 1® The MS value is defined as the ratio

of the strength of the structure to failure (r) to the strength
value after fracture (t,) at a shear rate of 3.4 s, according to
the formula:>¢

Statistical data was not used in this research.

RESULTS AND DISCUSSION

To study the structural and mechanical properties of the
experimental samples, complete rheograms of the dependence
of the shear stress (t) from the shear rate gradient (y) were
constructed (Figure 1). A comprehensive assessment of
the behavior of the ointment bases during the step-by-step
destruction and subsequent restoration (Figure 1) also shows
the dependence of viscosity from the shear rate. Sample values
of the shear stress and viscosity of the model bases are given
in Table 2.

The profile of rheological behavior depends on the composition
of the ointment base and varies in a wide range of structural
and mechanical parameters (Figure 1). All samples have a
pseudoplastic type of flow and the viscosity of the samples
decreases disproportionately with increasing shear rate. The
samples were exposed to the flow in different ways, which is
expressed in the value of the yield strength calculated by the
Casson equation: 105.8 Pa, 1.3 Pa, 49.3 Pa, 12.6 Pa, 104.5 Pa,
77.2 Pa, 65.9 Pa, and 0.3 Pa for the samples Ne 1, Ne 2, Ne
3, Ne 4, Ne 5, Ne 6, Ne 7, and Ne 8, respectively (Figure 2-8).
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Figure 1. Profile of rheological behavior of sample Ne 1

Table 2. Parameters of shear stress and structural viscosity of the ointment bases at appropriate shear rate

Shear stress with increasing (t,, Pa) / decreasing (t,, Pa) shear rate gradient (y, s™)

Gradient of
shear rate, Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7 Ne 8
s T, T, T, T, T, T, T, T, T, T, T, T, T, T, T, T,
0.1 "8 529 437 0745 831 214 216 298 128 661 106 379 381 16.6 0178 2.04
34 365 104 189 6.68 162 121 130 829 164 106 371 744 399 79 18.3 17
6.8 320 N4 219 953 206 167 144 93 178 130 320 812 416 87 283  26.6
10.2 312 122 230 17 225 196 149 999 194 149 314 863 467 917 351 336
13.6 310 127 234 137 244 217 151 105 209 165 317 903 511 959 40.8 396
16.9 310 132 233 155 259 233 157 110 228 178 319 943 550 997 457 445
27.0 316 147 222 209 296 260 175 121 275 207 319 104 621 m 578  57.2
155.0 403 282 1M 835 381 386 246 185 607 415 381 202 433 204 122 124
350.0 490 488 199 196 419 418 282 283 742 737 386 380 380 384 167 167
Structural viscosity with increasing (n,, Pa's) / decreasing (t,, Pa) shear rate gradient (y, s™)

n, ", n n, n, n, ", N, n, n, n N, n n, n, n,
0.1 1820 546 437 754 4340 5870 3100 2900 859 @ 661 1530 386 4620 166  1.81 19.7
34 103 301 543 193 491 359 386 247 469 307 105 215 12 229 528 491
6.8 464 167 319 14 304 249 214 13.8 26 19 464 19 603 128 414 39
10.2 305 19 225 115 22.2 195 147 9.9 19 146 307 848 455 9 344 33
13.6 228 941 172 101 181 161 112 784 154 122 233 666 375 708 3.01 292
16.9 183 7.8 137 0916 154 138 931 6.51 135 105 188 557 324 589 27 2.63
27.0 7 545 821 0774 N 9.66  6.51 449 102 767 118 386 229 41 214 212
155.0 261 182 11 0539 246 25 1.59 1.2 392 268 25 13 2.8 132 0787 0.799
350.0 1.4 139 0569 0561 1.2 119 0.805 0.807 212 21 11 .08 109 1 0.476 0.476
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The yield strength is an indicator that shows the force at which
the dispersed system begins to flow. In accordance with the
value, it is possible to draw a conclusion about how easily
the system will be squeezed out, whether the self-flow of the
system will be observed, and about the adhesive properties
of the drug. Thus, since the sample Ne 8 has low rheological
parameters, the system has a pronounced ability to self-flow
due to insufficient concentration of gelling agent.® The plan

of the experiment envisages a stepwise increase in the rate
of destruction of the dispersed system, the flow reflected in
the ascending curve, and a subsequent decrease in the rate
with the same step. The flow of the system is described by a
descending curve.

The ascending curve is located above the descending one and
this arrangement of curves is called positive thixotropy, since

300 1000
Pa
Pa's
250+
+100
Ne2
200+
& ¢ Shear Stress
* * -0~ n Viscosty
T 1501 410 1 Ne2 Casson | 1
—h— —o— tau0=1239Pa; eta_inf=054323Pas p=2
—¥— —
% 1 Shear Stress
100+ 4 q Viscosity
+1
501
— , : . : . . 01
0 50 100 180 200 280 300 350 14s 400
Shear Rate y
Figure 2. Profile of rheological behavior of sample Ne 2
600 100000
Pat Pa's
500+
+10000
4504
Ne3
400
-4t Shear Stress
* 350+ 71000 * -0- n Viscosity
1: 300 - No3 Casson | 1
. —o— tau0=49313Pa; eta_inf=0,82907 Pa's; p = 2
—%—250 L1100 —t—
=% 1 Shear Stress
200 1 —+ n Viscosity
1601
T10
1004,
50 %
0|' ‘III IIII III III III g ””'”
0 50 100 180 200 250 300 350 14s 400
Shear Rate 1 ’

Figure 3. Profile of rheological behavior of sample Ne 3
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there are such dispersed systems that have antitixotropic or
reopective properties. In such systems, the ascending and
descending curves are opposite. The investigated ointment
bases were restored to varying degrees and the surface area
between the ascending and descending curves indicates the
thixotropy of the system or ability to recover!'> On one hand,

the smaller the area of the hysteresis loop, the faster the
system recovers and, on the other hand, the larger the area, the
easier the system is distributed on the surface and on a larger
surface area. The first aspect is important in the production
process and speaks of the reproducibility of the structured
system after the technological process of processing, while

400 100 000
i Pa's
350%
1 +10000
300
Nog
+1000
250 -& 1t Shear Stress
+ * -0- n Viscosty
] 1 Ne4 Casson | 1
. 200 100 n
& —o— tau0=12,633Pa; eta_inf= 071565 Pass, p= 2
¥ .
150 - % 1 Shear Stress
T10 —+ n Viscosty
100 A
+1
50 -
0 f f | | ' | 0.1

Shear Rate y

Figure 4. Profile of rheological behavior of sample Ne 4
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n
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Figure 5. Profile of rheological behavior of sample Ne 5
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the other is important as a consumer indicator of quality. The
hysteresis square for base N2 1, N2 2, Ne 3, Ne 4, Ne 5, Ne 6, Ne
7, and Ne 8 was 38780.5 Pa/s, 30887.8 Pa/s, 40.2 Pa/s, 17242.8
Pa/s, 49174, 4 Pa/s, 495211 Pa/s, 82587.0 Pa/s, and 319.5 Pa/s.
respectively.

During the period of destruction of structured systems by means
of increasing speed of rotation of the internal cylinder, there is

a rarefaction of systems, which never comes to an end because
some share of communications is restored back, even at high
speeds. The viscosity at the infinite shear rate calculated by the
Casson model was 0.39 Pa/s, 0.54 Pa/s, 0.83 Pa/s, 0.72 Pa/s,
0.88 Pa/s, 0, 34 Pa/s, 0.44 Pa/s, and 0.65 Pa/s for sample Ne 1,
Ne 2, Ne 3, Ne 4, Ne 5, Ne 6, Ne 7, and Ne 8, respectively (Table
3). According to this indicator, the most resistant to the applied

400 10000
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350+ Pa's
300 11000
Neb
250 -4~ 1 ShearStress
* * -0- n Viscosity
. 200, _100 1 Neb Casson | 1
e _o— taud=77,209Pa eta_inf= 0,33703 Pas; p = 2
—#— —t
150 - 1 Shear Stress
—+ n Viscosity
100 % 10
50
4
0 —— ! ‘ 1
0 50 100 150 200 250 300 350 1Is 400
Shear Rate y >
Figure 6. Profile of rheological behavior of sample Ne 6
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Figure 7. Profile of rheological behavior of sample Ne 7
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shear force is sample Ne 8, which had a hydroxyethylcellulose
base. Emulsion samples are liquefied to the greatest extent.

The behavior of dispersed systems during destruction is also
evaluated by the coefficients of dynamic flow and MS. The
coefficient of dynamic flow Kd, at shear rates of 3.4 and 10.3
s varies in the range from 34.8% to 95.9%. The coefficient of
dynamic flow Kd, is in the range of even higher values, since
systems at higher shear rates are destroyed to a greater extent.
The coefficient of MS, calculated asy 3,4 s-1, serves as a measure
of the assessment of the restoration of the structure after the
full cycle of destruction-restoration. The closer the calculated
value is to 1, the faster the system recovers, thus indicating a
high instantaneous thixotropic properties. From Table 2, we
see that the lowest value of the MS index was recorded by
sample Ne 8, which was made using hydroxyethylcellulose.
For gel systems, this behavior is typical because as the speed
of rotation of the cylinder increases, there is elongation of the
molecules of macromolecular matter and, after the cessation
of the driving force, the structured orientation of the molecule
is restored. In emulsion dispersed systems, which include

samples Ne 3, Ne 4, Ne 5, and Ne 6, the change in viscoplastic
properties is due to the sol-gel transition and such systems
are restored over time. Homogeneous hydrophobic dispersed
systems (samples Ne 2 and Ne 7) recover more slowly and the
reason for this may be a violation of thermodynamic equilibrium
in the system as a result of forced mixing of one layer relative
to another or because the viscosity of hydrophobic systems is
sensitive to temperature changes.

Samples Ne 6 and Ne 7 (Figure 1) have an unstable flow at high
shear rates, which can be interpreted as an unstable structure
that can stratify over time.

Sample Ne 2 (based on paraffin and vaseline oil) has a stable
homogeneous flow over the entire range of the shear rates,
the system is easily propelled, and is characterized by good
consumer properties according to the optimum lubrication.
According to the set of the rheological parameters, we consider
it expedient to use the sample of the ointment base Ne 2 for
further research on the development of the composition of the
ointment with antiviral activity.
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200+ +10
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* * -0- 7 Viscosity
8 C
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—k— —
% ¢ Shear Stress
100+ 71 —+ n Viscosity
Y
50+
0 1 f f f f f f 0.1
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Shear Rate 1

Figure 8. Profile of rheological behavior of sample Ne 8

Table 3. Structural and mechanical parameters of the ointment bases are calculated

Indicator Ne 1 Ne 2 Ne3 Nes4 Ne 5 Ne 6 Ne 7 Ne 8
Hysteresis square, Pa/s 38780.5 30887.8 40.2 17242.8 49174.4 495211 82587.0 3195
Yield strength at Casson 7, Pa 105.8 13 493  12.6 104.5 7.2 65.9 0.3
i;;“:;;’?:i;?;”y st the infinite shear rate at 0.39 054 083 072 0.88 0.34 0.44 0.65
The coefficient of dynamic flow Kd1, % 70.4 58.6 2711 619 59.5 70.8 95.9 34.8
The coefficient of dynamic flow Kd2, % 7.7 86.6 776 756 61.6 78.8 91.7 63.2
Mechanical stability at y 3,4 s-1 3.51 27.84 134 156 1.55 499 5.05 1.08
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CONCLUSION

The structural and mechanical activity of the ointment bases
was studied with help of the rotary viscometer “Rheolab
QC" by Anton Paar (Austria) with coaxial cylinders CC27/S-
SN29766. It was found that all samples have a non-Newtonian
pseudoplastic type of flow. It is established that the ointment
base Ne 2, which includes vaseline oil and paraffin, exhibits a
homogeneous rheological flow.

Further research will focus on the development of composition
of ointments with the antiviral effect.

Conflict of interest: No conflict of interest was declared by the
authors. The authors are solely responsible for the content and
writing of this paper.
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ABSTRAC T |

Objectives: Verbascoside, also known as acteoside/kusaginin, has attracted a great attention due to its pharmacological features. In this study, we
aimed to determine the cytotoxic effects of pure verbascoside isolated from Phlomis nissolii L. plant in both MCF-7 and MDA-MB-231 cell lines
in vitro.

Materials and Methods: MCF-7 and MDA-MB 231 cells were treated with verbascoside (100, 48, 25, 10, 1, 0.5, and 0.1 uM) for 24, 48, and 72 hours.
Cytotoxic effect of verbascoside in MCF-7 and MDA-MB-231 cells was assessed using TEBU-BIO cell counting kit 8.

Results and Conclusion: IC_, values for 24, 48, and 72 h verbascoside exposure of MCF-7 cells were determined as 0.127, 0.2174, and 0.2828 uM,
respectively. R? values were calculated as 0.9630, 0.8789 and 0.8752, respectively. Two-Way ANOVA multiple comparison test results showed
that 100 uM verbascoside has the highest cytotoxic effect on MCF-7 breast cancer (BC) cells after 72 h of exposure. IC, values for 24, 48 and 72
h verbascoside exposure of MDA-MB 231 cells were determined as 0.1597, 0.2584 and 0.2563 uM, respectively and R? values were calculated as
0.8438, 0.5107 and 0.9203, respectively. Two-Way ANOVA multiple comparisons test results showed that 100 uM verbascoside has the highest
cytotoxic effect on MDA-MB 231 BC cells after 24, 48 and 72 h of exposure.

Key words: Cytotoxicity, MCF-7, MDA-MB-231, Phlomis nissolii L., verbascoside

OZ I ——
Amag: Akteosit/kusaginin olarak bilinen verbaskosit, farmakolojik dzelliklerinden dolayi buyik ilgi gérmustir. Bu galismada, Phlomis nissolii L.
bitkisinden izole edilen saf verbaskositin MCF-7 ve MDA-MB-231 hiicre hatlarinda in vitro kosullarda sitotoksik etkilerini belirlemeyi amagladik.
Gereg ve Yontemler: MCF-7 ve MDA-MB 231 hicreleri, 24, 48 ve 72 saat sireyle 100, 48, 25, 10, 1, 0,5 ve 0,1 uM verbaskosit ile muamele edildi.
Verbaskositin MCF-7 ve MDA-MB-231 hiicrelerinde sitotoksisite etkisi TEBU-BIO htcre sayim kiti 8 kullanilarak degerlendirildi.

Bulgular ve Sonug: MCF-7 hicrelerinin 24, 48 ve 72 saatlik verbaskosit maruziyetine iliskin IC,, degerleri sirasiyla 0,127, 0,2174 ve 0,2828 pM
olarak belirlendi. R? degerleri sirasiyla 0,9630, 0,8789 ve 0,8752 olarak hesaplanmistir. Iki yénli ANOVA coklu karsilastirma testi sonuglari, 100 upM
verbaskositin 72 saatlik maruziyetinin MCF-7 meme kanseri (BC) huicrelerinde en yiksek sitotoksik etkiye sahip oldugunu gosterdi. MDA-MB 231
hiicrelerinin 24, 48 ve 72 saatlik verbaskosite maruziyeti igin IC,; degerleri sirasiyla 0,1597, 0,2584 ve 0,2563 pM olarak belirlendi. R2 degerleri
sirasiyla 0,8438, 0,5107 ve 0,9203 olarak hesaplandi. Iki yénlt ANOVA goklu karsilastirma test sonuglari, 100 uM verbaskositin 24, 48 ve 72 saatlik
maruziyettinin MDA-MB 231 BC hticrelerinde en yiksek sitotoksik etkiye sahip oldugunu gdsterdi.

Anahtar kelimeler: MCF-7, MDA-MB-231, Phlomis nissolii L., verbaskosit
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INTRODUCTION

Breast cancer (BC) is the most frequent cancer type found
among women, affecting 2.1 million women each year. In 2018,
the female deaths due to BC was 627, which compromises
15% of all cancer deaths among women. Furthermore, BC
rates in women are higher in more developed regions than in
developing countries, and threateningly, these rates are still
increasing in every region globally.! According to statistical
data obtained by the Ministry of Health in North Cyprus, a total
of 1.854 men and 1.809 women were diagnosed with cancer
between 2012 and 2016. BC has the highest incidence (62.2%)
among women in North Cyprus, and this value is lower than
the incidence in Europe but unfortunately, however, higher than
the BC incidence globally.2 The current treatment strategies for
BC include radiotherapy + adjuvant chemotherapy, radiation
therapy, hormone therapy, and surgery have side effects.?
These may include rib fracture, second non-breast infield
malignancies, tissue necrosis, brachial plexopathy in radiation
therapy, reduced number of white and red blood cells, elevated
risk of infection, anemia, diarrhea, fatigue, hair loss, sore throat,
ulcers, nausea, constipation, loss of appetite, and change in skin
color during chemotherapy.® Due to these side effects, there
has been a growing interest in alternative treatment modalities
with reduced side effects.* There are many studies that have
identified anti-cancer properties of herbal medicines that are
used in developing countries for medical treatment for many
years.®

Verbascoside (C,,H,,0,), known as acteoside/kusaginin, is a
phenylethanoid glycoside. Verbascoside has been isolated from
many different plant species such as: Verbascum sinuatum
L.t Syringa vulgaris,” Orobancherapum-genistae® Clerodendron
trichotomum Thunb,” Phlomis nissolii L. (Lamiaceae),® Buddleja
brasiliensis, Striga asiatica, Olea europea, Paulownia tomentosa
var. tomentosa, Lippia javanica, Lantana camara, and Lippia
citriodora!" In addition, verbascoside is abundant in olive mill
wastewater.>™ There are total of 34 genus Phlomis species L.
found in Turkey and Aegean islands.® The project performed on
the 33 Phlomis species recorded in the Flora of Turkey resulted
in the isolation and characterization of 33 phenylethanoid
glycosides, of which verbascoside and forsythoside B were
the common compounds for all of the Phlomis species.®
Recently, two compounds were isolated from the two endemic
Phlomis species, P. brevibracteata, and P. cypria growing
in Cyprus!® Verbascoside attracted great attention due to
its pharmacological features,” such as anti-inflammatory
effect,®?* antioxidative effect, >3 neuroprotective effect,34
antimicrobial effect*“ ultraviolet radiation protective effect*™
antimetastatic effect,® and cytotoxic effects on many types
of cancer such as myeloma and leukemia®®® human gastric
carcinoma,” colorectal cancer,® human oral squamous cell
carcinoma,” glioblastoma,®® and inhibitory effect on tumor cell
proliferation.®' In this study, we aimed to determine the cytotoxic
effects of pure verbascoside isolated from the Phlomis nissolii
L. plant in both MCF-7 and MDA-MB-231 cell lines in vitro.

MATERIALS AND METHODS

Cell culture conditions

The compound verbascoside used in this study was provided
from the studies performed on Phlomis species L. Calis et
al’®> Human BC cells MCF-7 and MDA-MB-231 (ATCC) were
cultured in DMEM/F-12 media supplemented with 10%
fetal bovine serum, human insulin of 4 mg/mL, penicillin
streptomycin (1%) at 37°C, in a 5% CO, containing humidified
chamber. The medium was refreshed every other day.

Cell viability/cytotoxicity

MCF-7 and MDA-MB 231 BC cells were plated in 96-well plates
in triplicate with a density of 5000 cells/well. The cells were
treated with verbascoside after 24 h of culturing at a different
concentrations (100, 48, 25, 10, 1, 0.5, and 0.1 uM) for 24, 48,
and 72 h. CCK-8 (Tebu, France) analysis was performed
according to the manufacturer’s protocol. The absorbencies
were measured using Versa max tunable microplate reader
at 450nm wavelength.

Statistical analysis

GraphPad® Prism software version 8 was used to calculate
IC., values by applying a non-linear regression curve fit
analysis. Further, statistical analysis was performed using
Two-Way ANOVA multiple comparisons test to determine the
significance of a mean difference between the control and
varying concentrations of verbascoside.

RESULTS

Cytotoxic effects of verbascoside in MCF-7 cells

To assess the cytotoxicity of verbascoside, MCF-7 BC cells
were treated with several concentrations of verbascoside (100,
48,25,10,1, 0.5, and 0.1 uM) for 24, 48, and 72 h. IC,, values of
verbascoside in MCF-7 cells are shown in Table 1.

Significance ofamean difference between control and other
concentrations of verbascoside for MCF-7 cell line after 24,
48, and 72 h was determined using Two-Way ANOVA multiple
comparisons test, and the results are shown in Figure 1-3,
respectively.

Two-Way ANOVA multiple comparisons test results for MCF-
7 cell line after 24 h exposure to different concentrations
of verbascoside showed tha the, mean difference wasnot
significant at the 95% confidence level (CI) between the
control and the test group at 48, 25, and 10 uM verbascoside
concentrations. However, significance (at p<0.05) was
observed at 100, 1, 0.5, and 0.1 uM verbascoside concentrations,
and the control group after 24 h exposure. When concentration
of verbascoside was decreased from 100-10 puM, absorbency

Table 1. IC,, and R? values for MCF-7 cell line

Exposure time to verbascoside IC,, (uM) R?

24 h 0127 0.9630
48 h 0.2174 0.8789
72 h 0.2828 0.8752
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MCF-7 (after 24 h exposure)
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Figure 1. Two-Way ANOVA multiple comparisons test results for MCF-7
cell line after 24 h exposure to a different concentration of verbascoside
(*significance at p<0.05)

MCF-7 (after 48h exposure)|
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Figure 2. Two-Way ANOVA multiple comparisons test results for MCF-7
cell line after 48 h exposure to a different concentration of verbascoside
(*significance at p<0.05)

MCF-T (after 24 h exposure)
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Figure 3. Two-Way ANOVA multiple comparisons test results for MCF-7
cell line after 72 h exposure to different concentrations of verbascoside
(*significance at p<0.05)

increased so that the number of alive cells increased. When
the concentration of verbascoside was further decreased from
10-0.1 uM, absorbency decreased so that number of alive cells
decreased but number of dead cells increased. All absorbency
values were higher than the control group, indicating that 100,
48, 25, 10, 1, 0.5, and 0.1 pM concentrations of verbascoside
were not effectively toxic to the MCF-7 BC cells after 24h
exposure (Figure 1).

The mean difference was not significant at 95% Cl between the
control absorbency value and absorbency values obtained at
100, 48, 25,10, 1, 0.5, and 0.1 uM verbascoside concentrations
after 48 h exposure of MCF-7 cell line. When the concentration
of verbascoside was decreased from 100-10 pyM, absorbency
increased so that the number of alive cells increased. When
the concentration of verbascoside was further decreased
from 10-0.1 uM, absorbency decreased so that number of alive
cells decreased, but the number of dead cells increased. All
absorbency values were higher than the control so that 100, 48,
25,10, 1, 0.5, and 0.1 yM concentrations of verbascoside were
not effective on MCF-7 BC cells after 48 h exposure (Figure 2).

The mean difference calculated by Two-Way ANOVA multiple
comparisons test was not significant at the 95% Cl between the
control absorbency value and absorbency values obtained at 100,
48, 25,10, 1, 0.5, and 0.1 uM verbascoside concentrations after
72 h exposure of the MCF-7 cell line. When the concentration
of verbascoside decreased from 100-25 pM, absorbency
increased so that number of alive cells increased. When the
concentration of verbascoside was further decreased from
25-0.1 uM, absorbency decreased so that number of alive cells
decreased but number of dead cells increased. The absorbency
value at 100 pM verbascoside was the lowest among the
other absorbency values, so that lowest number of alive cells
but highest number of dead cells was at this concentration.
Verbascoside of 100 pM had the highest cytotoxic effect on
MCF-7 BC cells after 72 h exposure (Figure 3).

Cytotoxic effects of verbascoside in MDA-MB 231 cells
MDA-MB 231BC cells were treated with a several concentrations
of verbascoside (100, 48, 25, 10, 1, 0.5, and 0.1 uM) for 24, 48,
and 72 h to assess the cytotoxicity of verbascoside by using
TEBU-BIO cell counting kit 8. IC, values of verbascoside in
MDA-MB 231 cells are shown in Table 2.

Two-Way ANOVA multiple comparisons test results for MDA-
MB 231BC cell line after 24, 48, and 72 h are shown in Figure
4-6.

Analysis of the results showed that the mean difference
between the control absorbency value and absorbency values

Table 2. IC,, and R?values for MDA-MB 231 breast cancer cell
line

Exposure time to verbascoside IC,, (uM) R?

24 h 0.1597 0.8438
48 h 0.2584 0.5107

72 h 0.2563 0.9203
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obtained at 100, 48, 25, 10, 1, 0.5, and 0.1 pyM verbascoside
concentrations was not significant at 95% CIl. Absorbency
increased when concentration of verbascoside decreased from
100-0.5 pyM. This result showed that the number of alive cells
increased. A further decrease of concentration of verbascoside
from 0.5-0.1 uM caused a decrease of absorbency indicating the
decreased number of number of alive cells, but the number of
dead cells increased. Absorbency value at 100 uM verbascoside
was the lowest among the other absorbency values. This result
indicated that lowest number of alive cells, but the highest
number of dead cells were at this concentration. Verbascoside
of 100 uM had the highest cytotoxic effect on MDA-MB 231 BC
cells after 24 h exposure (Figure 4).

The mean difference was not significant at 95% CI between
control the absorbency value and absorbency values obtained
at 100, 48, 25,10, 0.5, 1, and 0.1 uM verbascoside concentrations.
When concentration of verbascoside was decreased from 100-
25 pM, absorbency increased so that the number of alive cells
increased. When the concentration of verbascoside further
decreased from 25-0.1 uM, absorbency decreased. This result
indicated that the number of alive cells decreased, but the
number of dead cells increased. The absorbency value at 100
WM verbascoside was the lowest among the other absorbency
values. This result showed that the lowest number of alive cells,
but the highest number of dead cells, was at this concentration.
Verbascoside 100 pM had the highest cytotoxic effect on MDA-
MB 231 BC cells after 48 h exposure (Figure 5).

Although the calculated mean difference between the control
absorbency value and absorbency values obtained at 48, 25,
10, and 1 uM verbascoside concentrations was not significant
at the 95% CI. The mean difference was significant at 95%
Cl (*significance at p<0.05) between the control absorbency
value and absorbency values obtained at 100, 0.5, and 0.1 yM
verbascoside concentrations. Absorbency increased when the
concentration of verbascoside was decreased from 100-0.5
UM indicating that the number of alive cells increased. When
the concentration of verbascoside was further decreased from
0.5-0.1 pM, absorbency decreased so that the number of alive

MDA-MB 231 [after 24h exposure)
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100 x 108 Molar
100+

48 x x 10 Molar
25 x x 10 Molar
10 x x 10 Molar
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5xx 107 Molar
1 xx 107 Molar
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Time

ooeEO0OO0 @@

Figure 4. Two-Way ANOVA multiple comparisons test results for MDA-
MB231 cell line for 24 h exposure of verbascoside (*significance at p<0.05)

cells decreased but the number of dead cells increased. The
absorbency value at 100 uM verbascoside was the lowest
among the other absorbency values so that the lowest number
of alive cells, but the highest number of dead cells, was at
this concentration. Verbascoside of 100 uM had the highest
cytotoxic effect on MDA-MB 231 BC cells after 72 h exposure
(Figure 6).

CONCLUSION AND DISCUSSION

The prevalence of BC has beenrising rapidly in the past decades;
however, diagnosis and treatment in the early stages is very
important.® Despite advances in treatment in the early stage
of BC, many women experience recurrence and metastasis.
Although treatment strategies are limited, the main focus is
on medical therapy. The importance of classical treatment
methods in cancer therapy is indisputable.®® Increasing
cancer cases and developing resistance to drugs has urged
the need for new diagnostic and treatment approaches. Since
the success of traditional treatments is limited, most cancer

MDA-MB 231 (after 48h exposure)
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S 100+
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g 50 3 25x x 10 Molar
B3 10 x x 10 Molar
0 B 1 xx10° Molar
Rk B3 5xx 107 Molar
e =1 1 xx 107 Molar

Figure 5. Two-Way ANOVA multiple comparisons test results for MDA-
MB231 cell line for 48 h exposure of verbascoside (*significance at p<0.05)

MDA-MB 231 after 72h exposure)
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Figure 6. Two-Way ANOVA multiple comparisons test results for MDA-
MB231 cell line for 72 h exposure of verbascoside (*significance at p<0.05)
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patients try complementary medical therapies. There has been
a growing interest in alternative treatment modalities. Finding
alternative therapies with less or no side effects are essential.
In recent years, alternative treatment modalities, such as natural
products and anti-cancer drugs, have gained importance in BC
therapy. Thus, the main aim of this study was to evaluate the
cytotoxic effect of verbascoside isolated from Phlomis nissolii
L. plant (Lamiaceae) in MCF-7 and MDA-MB 231 BC cell lines
in vitro.

IC,, values for MCF-7 BC cell line after 24, 48, and 72 h
exposure to a different concentration of verbascoside were
found as 0.127, 0.2174, and 0.2828 uM, respectively. R? values
for 24, 48, and 72 h exposure to verbascoside were calculated
as 0.9630, 0.8789, and 0.8752, respectively. Concentrations of
48, 25,10, 1, 0.5, and 0.1 uM verbascoside were not toxic on
MCF-7 BC cells after 24, 48, and 72 h exposure. Verbascoside
of 100 uM had the highest cytotoxic effect on MCF-7 BC cells
only after 72 h exposure. In a study, verbascoside was isolated
from Scrophularia subaphylla L., and researchers examined the
effect of 1-1000 ug/mL verbascoside on MCF-7 cells and found
IC,, value as 0.39 (+0.015) pg/mL after 48 h of exposure.** In
another study, 5f,6B-dihydroxyantirrhide was isolated from
Pseuderanthemum carruthersii (Seem.) Guill. var. atropurpureum
(Bull.) Fosb. (Acanthaceae) leaves with13 different compounds,
including verbascoside and the cytotoxic activities of these
chemicals, and acetylcholinesterase inhibition against MCF-7
and Hel a cells at a concentration of 100 pg/mL were analyzed.
Isoverbascoside and verbascoside showed fairly weak AChE
inhibitory activity but showed cytotoxic activity against MCF-7
cells strongly.®® This result supports the results of our study. In
another study, acteoside was isolated from the crude methanolic
extract of Leucas indica flowers, and a range of concentrations
of acteoside (250.00, 125.00, 62.50, 31.25, 15.63, 7.81, 3.91, 1.95,
0.98 pg/mL) was tested on the MCF-7 cell line after 48 h of
incubation. Researchers evaluated the in vitro cytotoxicity of
acteoside on MCF-7 cell by using the (3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyltetrazolium bromide) (MTT) assay. This study
tested a higher range of acteoside concentration on MCF-7 cell
line than our present study, that used a range of concentrations
of 100, 48, 25, 10, 1, 0.5, and 0.1 uM verbascoside (acteoside)
and obtained higher values of IC_ and R? as 7.7 and 0.9968 than
the current study.® Researchers also concluded that acteoside
isolated from Leucas indica flowers extract showed a significant
cytotoxic activity on MCF-7 cell line, and results indicated that
the antiproliferative effect strengthens with an increase in the
concentration of the extract (p.2). Results of another study with
verbascoside isolated from the aerial parts of Plantago lagopus
L. showed that verbascoside had strong cytotoxic activities
against MCF-7 cell line, and histological analysis proved the
apoptotic cell death of MCF-7 cells after the treatment of 50-
100 pg/mL verbascoside.®” In one report, the effect of different
concentrations of verbascoside isolated from V. ovalifolium
Donn ex Sims (Scrophulariaceae) on cell viability of MCF-7 cells
was measured using the MTT colorimetric assay after 48 h of
incubation. The IC, value for verbascoside was calculated as

58.3 pg/mL, and it was observed that verbascoside decreased
viability by 69.6% in MCF-7 cells at 100 pg/mL but did not affect
the viability of non-tumor MCF-10A cells (up to 100 pg/mL).%®
Acteoside may be effective to prevent MCF-7 BC cells because
of its antiestrogenic effect. Acteoside isolated from aerial parts
of Verbascum macrurum exhibited an ER-mediated significant
antiestrogenic activity at a low concentration range 107-10°M
in both the ERa and and ERf assay systems, indicating that
acteoside may act as antagonist by itself. Acteoside at low
concentration (107 M) demonstrated a potent inhibitory effect
against estradiol (10° M) mainly via Era, so that acteoside
functions as antagonist for ERa-mediated transcription.®’
In contrast, in another study, 12 chemical constituents from
the Callicarpa nudiflora were isolated and their cytotoxicity
was evaluated by the MTT assay. The cytotoxicity assay
demonstrated that the flavonoids luteoloside, lutedin-4"-O-f3-
D-glucoside, 6-hydroxyluteolin-7-O-3-glucoside, lutedin-7-O-
neohesperidoside, rhoifolin, luteolin-7, and 4'-di-O-glucoside
showed monolithic proliferation inhibitory activities against
Hela, A549, and MCF-7 cell lines in various concentrations.
Compounds 6-hydroxyluteolin-7-O-f-glucoside and
rhoifolin and iridoid glycoside nudifloside exhibited higher
cytotoxicactivities.™

IC,, values for MDA-MB 231 cell line after 24, 48, and 72 h of
exposure to different concentrations of verbascoside were
found as 0.1597, 0.2584, and 0.2563 uM, respectively. R? values
for 24, 48, and 72 h of exposure to verbascoside were calculated
as 0.8438, 0.5107, and 0.9203, respectively. Concentrations of
48, 25,10, 1,0.5, and 0.1 uM verbascoside are not toxic on MDA-
MB 231 BC cells after 24, 48, and 72 h exposure. Verbascoside
100 pM has the highest cytotoxic effect on MDA-MB 231 BC
cells after 24, 48, and 72 h exposure. There are few studies
about the cytotoxic effects of verbascoside on MDA-MB 231
BC cell line in the literature. In a study, antiproliferative effect
of Strobilanthes crispus containing verbascoside on MDA-MB
231 cells was evaluated using MTT assay, and the IC, value of
methanolic extract was found as 27.2 ug mL™." Another study
examined the effect of dry olive mill residue water containing
verbascoside and found that dry olive mill residue water
inhibited MDA-MB 231 cell growth by EC value of 57.15+1.04
c.”? Both of these studies support the idea that plant extracts
containing verbascoside have cytotoxic effects on MDA-MB 231
BC cell line; however researchers in these studies examined the
cytotoxic effects of the plant extracts containing verbascoside
and any other chemicals on MDA-MB 231 cell line, unlike pure
verbascoside in our study.

This study proved that verbascoside isolated from Phlomis
species L. has cytotoxic effects on MCF-7 and MDA-MB 231
BC cells. Further studies would be performed to assess the
underlying mechanisms for apoptotic induction of verbascoside
extracted from Phlomis species L. In addition, detailed
investigations maybe performed to evaluate the synergic
effects of verbascoside isolated from Phlomis species L. with
other plant extracts used in the BC treatment.




642 SENOL et al. Cytotoxic Effects of Verbascoside

ACKNOWLEDGEMENTS

The authors would like to thank Prof. A. Elif Erson Bensan from
the Faculty of Arts and Sciences, Department of Biology, Middle
East Technical University for supplying MDA-MB 231 cell lines.

Funding: This study was supported in terms of equipment and
laboratories by DESAM Institute, Faculty of Medicine and Faculty
of Pharmacy of Near East University, Nicosia, Yakin Dogu Bulvari,
99138, North Cyprus, Mersin 10, Turkey.

Conflict of interest: No conflict of interest was declared by the
authors. The authors are solely responsible for the content and
writing of this paper.

REFERENCES

1.

World Health Organization. Breast Cancer (2019). Available from: https://
www.who.int/cancer/prevention/diagnosis-screening/breast-cancer/
en/

TRNC Ministry of Health, Kuzey Kibris Turk Cumhuriyeti'nde Kanser
Kayitcilik  Projesi  (2019). Available from: https://saglik.gov.ct.tr/
Portals/107/KK-Kidem%202012 2016%20BesY llkKanserlstatistikleri%20
%282%29.pdf

Agrawal S. Late effects of cancer treatment in breast cancer survivors.
South Asian J Cancer. 2014:3:112-115.

Mitra S, Dash R. Natural products for the management and prevention of
breast cancer. Evid Based Complement Alternat Med. 2018;2018:8324696.

Greenwell M, Rahman PK. Medicinal plants: their use in anticancer
treatment. Int J Pharm Sci Res. 2015;6:4103-4112.

Scarpati ML, Monache D. Isolation from Verbascum sinuatum of two new
glucosides, verbascoside and isoverbascoside. Ann Chlm. 1963:53:356-
367.

Birkofer L, Kaiser C, Thomas U. Acteosid und neoacteosid: Zukerester
aus Syringa vulgaris. Z Naturforsch B. 1968:23:1051-1058.

Andary C, Wylde R, Laffite C, Privat G, Winternitz F. Structures of
verbascoside and orobanchoside, caffeic acid sugar esters from
Orobanche rapum-genistae. Phytochemistry. 1982:27:1123-1127.

Sakurai A, Kato T. A new glycoside, kusaginin isolated from Clerodendron
trichotomum. Bull Chem Soc Jpn. 1983;56:1573-1574.

. Kirmizibekmez H, Piacente S, Pizza C, Dénmez AA, Calis I. Iridoid and

phenylethanoid glycosides from Phlomis nissolii and P. capitata. Z.
Naturforsch. 2004:59:609-613.

Alipieva K, Korkina L, Orhan IE, Georgiev MI. Verbascoside--a review
of its occurrence, (bio)synthesis and pharmacological significance.
Biotechnol Adv. 2014;32:1065-1076.

. De Marco E, Savarese M, Paduano A, Sacchi R. Characterization and

fractionation of phenolic compounds extracted from olive oil mill waste
waters. Food Chem. 2006;104:858-867.

Dell’Aquila ME, Bogliolo L, Russo R, Martino NA, Filioli Uranio M, Ariu F,
Amati F, Sardanelli AM, Linsalata V, Ferruzzi MG, Cardinali A, Minervini
F. Prooxidant effects of verbascoside, a bioactive compound from
olive oil mill wastewater, on in vitro developmental potential of ovine
prepubertal oocytes and bioenergetic/oxidative stress parameters of
fresh and vitrified oocytes. Biomed Res Int. 2014;2014:878062.

. Huber-Morath A. Phlomis. In Davis PH, eds. Flora of Turkey and the

East Aegean lIslands. (Tth ed). Edinburgh: Edinburg University Press;
1982:102-126.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Calis |, Saracoglu |, Erséz T, Kirmizibekmez H, Yalgin FN, Harput
$. Chemotaxonomy of Turkish Phlomis L. (Lamiaceae) Genus. The
Scientific and Technological Research Council of Turkey, 2004: Project
Number: SBAG-2304.

Hanoglu A. Phytochemical Studies on the endemic phlomis species
growing in Northern Cyprus. Doctorial Thesis. Kyrenia: Near East
University, Graduate School of Health Sciences; 2019.

Schonbichler SA, Bittner LK, Pallua JD, Popp M, Abel G, Bonn GK, Huck
CW. Simultaneous quantification of verbenalin and verbascoside in
Verbena officinalis by ATR-IR and NIR spectroscopy. J Pharm Biomed
Anal. 2013;84:97-102.

Lee JH, Lee JY, Kang HS, Jeong CH, Moon H, Whang WK, Kim CJ, Sim
SS. The effect of acteoside on histamine release and arachidonic acid
release in RBL-2H3 mast cells. Arch Pharm Res. 2006;29:508-513.

Li Y, Gan L, Li GQ, Deng L, Zhang X, Deng Y. Pharmacokinetics
of plantamajoside and acteoside from Plantago asiatica in rats by
liquid chromatography-mass spectrometry. J Pharm Biomed Anal.
2014;89:251-256.

Mazzon E, Esposito E, Di Paola R, Riccardi L, Caminiti R, Dal Toso R,
Pressi G, Cuzzocrea S. Effects of verbascoside biotechnologically
produced by Syringa vulgaris plant cell cultures in a rodent model of
colitis. Naunyn Schmiedebergs Arch Pharmacol. 2009;380:79-94.

Rao YK, Fang SH, Hsieh SC, Yeh TH, Tzeng YM. The constituents
of Anisomeles indica and their anti-inflammatory activities. J
Ethnopharmacol. 2009;121:292-296.

Lenoir L, Rossary A, Joubert-Zakeyh J, Vergnaud-Gauduchon J, Farges
MC, Fraisse D, Texier O, Lamaison JL, Vasson MP, Felgines C. Lemon
verbena infusion consumption attenuates oxidative stress in dextran
sulfate sodium-induced colitis in the rat. Dig Dis Sci. 2011;56:3534-3545.

Kostyuk VA, Potapovich Al, Suhan TO, de Luca C, Korkina LG. Antioxidant
and signal modulation properties of plant polyphenols in controlling
vascular inflammation. Eur J Pharmacol. 2011;658:248-256.

Pesce M, Franceschelli S, Ferrone A, De Lutiis MA, Patruno A, Grilli
A, Felaco M, Speranza L. Verbascoside down-regulates some pro-
inflammatory signal transduction pathways by increasing the activity
of tyrosine phosphatase SHP-1 in the U937 cell line. J Cell Mol Med.
2015;19:1548-1556.

Vertuani S, Beghelli E, Scalambra E, Malisardi G, Copetti S, Dal Toso
R, Baldisserotto A, Manfredini S. Activity and stability studies of
verbascoside, a novel antioxidant, in dermo-cosmetic and pharmaceutical
topical formulations. Molecules. 2011;16:7068-7080.

Caturla N, Funes L, Pérez-Fons L, Micol V. A randomized, double-blinded,
placebo-controlled study of the effect of a combination of lemon verbena
extract and fish oil omega-3 fatty acid on joint management. J Altern
Complement Med. 2011;17:1051-1063.

Mestre-Alfaro A, Ferrer MD, Sureda A, Tauler P, Martinez E, Bibiloni MM,
Micol V, Tur JA, Pons A. Phytoestrogens enhance antioxidant enzymes
after swimming exercise and modulate sex hormone plasma levels in
female swimmers. Eur J Appl Physiol. 2011;111:2281-2294.

Carrera-Quintanar L, Funes L, Viudes E, Tur J, Micol V, Roche E, Pons
A. Antioxidant effect of lemon verbena extracts in lymphocytes of
university students performing aerobic training program. Scand J Med
Sci Sports. 2012;22:454-461.

Cardinali A, Pati S, Minervini F, D'Antuono |, Linsalata V, Lattanzio V.
Verbascoside, isoverbascoside, and their derivatives recovered from
olive mill wastewater as possible food antioxidants. J Agric Food Chem.
2012;60:1822-1829.



SENOL et al. Cytotoxic Effects of Verbascoside 643

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Sgarbossa A, Dal Bosco M, Pressi G, Cuzzocrea S, Dal Toso R, Menegazzi
M. Phenylpropanoid glycosides from plant cell cultures induce heme
oxygenase 1 gene expression in a human keratinocyte cell line by
affecting the balance of NRF2 and BACH]1 transcription factors. Chem
Biol Interact. 2012;199:87-95.

Alipieva K, Korkina L, Orhan IE, Georgiev MI. Verbascoside--a review
of its occurrence, (bio)synthesis and pharmacological significance.
Biotechnol Adv. 2014;32:1065-1076.

Di Giancamillo A, Rossi R, Vitari F, Carollo V, Deponti D, Corino C,
Domeneghini C. Changes in nitrosative stress biomarkers in swine
intestine following dietary intervention with verbascoside. Histol
Histopathol. 2013;28:715-723.

Sheng GQ, Zhang JR, Pu XP, Ma J, Li CL. Protective effect of verbascoside
on 1-methyl-4-phenylpyridinium ion-induced neurotoxicity in PC12 cells.
Eur J Pharmacol. 2002;451:119-124.

Pu X, Song Z, Li Y, Tu P, Li H. Acteoside from Cistanche salsa inhibits
apoptosis by 1-methyl-4-phenylpyridinium ion in cerebellar granule
neurons. Planta Med. 2003;69:65-66.

Backhouse N, Delporte C, Apablaza C, Farias M, Goity L, Arrau S, Negrete
R, Castro C, Miranda H. Antinociceptive activity of Buddleja globosa
(matico) in several models of pain. J Ethnopharmacol. 2008;119:160-165.

Deng M, Ju X, Fan D, Tu P, Zhang J, Shen Y. Verbascoside rescues the
SHSY5Y neuronal cells from MPP+ induced apoptosis. Chin Pharmacol
Bull. 2008;24:1297-1302.

Wang H, Xu Y, Yan J, Zhao X, Sun X, Zhang Y, Guo J, Zhu C. Acteoside
protects human neuroblastoma SH-SYSY cells against beta-amyloid-
induced cell injury. Brain Res. 2009;1283:139-147.

Esposito E, Mazzon E, Paterniti I, DalToso R, Pressi G, Caminiti R,
Cuzzocrea. PPAR-a contributes to the anti-inflammatory activity of
verbascoside in a model of inflammatory bowel disease in mice. PPAR
Res. 2010;2010:917312.

Kahraman C, Tatli I, Orhan IE, Akdemir ZS. Cholinesterase inhibitory
and antioxidant properties of Verbascum mucronatum Lam. and its
secondary metabolites. Z Naturforsch C J Biosci. 2010;65:667-674.

Filho AG, Morel AF, Adolpho L, Ilha V, Giralt E, Tarragd T, Dalcol II.
Inhibitory effect of verbascoside isolated from Buddleja brasiliensis
Jacg. ex Spreng on prolyl oligopeptidase activity. Phytother Res.
2012;26:1472-1475.

Lin J, Gao L, Huo SX, Peng XM, Wu PP, Cai LM, Yan M. [Effect of acteoside
on learning and memory impairment induced by scopolamine in micel.
Zhongguo Zhong Yao Za Zhi. 2012;37:2956-2959.

Wang HQ, Xu YX, Zhu CQ. Upregulation of heme oxygenase-1 by
acteoside through ERK and PI3 K/Akt pathway confer neuroprotection
against beta-amyloid-induced neurotoxicity. Neurotox Res. 2012;21:368-
378.

Kurisu M, Miyamae Y, Murakami K, Han J, Isoda H, Irie K, Shigemori
H. Inhibition of amyloid  aggregation by acteoside, a phenylethanoid
glycoside. Biosci Biotechnol Biochem. 2013;77:1329-1332.

Azimi H, Fallah-Tafti M, Khakshur AA, Abdollahi M. A review of
phytotherapy of acne vulgaris: perspective of new pharmacological
treatments. Fitoterapia. 2012;83:1306-1317.

Funari CS, Gullo FP, Napolitano A, Carneiro RL, Mendes-Giannini
MJ, Fusco-Almeida AM, Piacente S, Pizza C, Silva DH. Chemical and
antifungal investigations of six Lippia species (Verbenaceae) from
Brazil. Food Chem. 2012;135:2086-2094.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Maquiaveli CDC, Rochetti AL, Fukumasu H, Vieira PC, da Silva ER.
Antileishmanial activity of verbascoside: Selective arginase inhibition of
intracellular amastigotes of Leishmania (Leishmania) amazonensis with
resistance induced by LPS plus IFN-y. Biochem Pharmacol. 2017;127:28-
33.

Korkina L, Pastore S. The role of redox regulation in the normal
physiology and inflammatory diseases of skin. Front Biosci (Elite Ed).
2009;1:123-141.

Pastore S, Lulli D, Fidanza P, Potapovich Al, Kostyuk VA, De Luca C,
Mikhal'chik E, Korkina LG. Plant polyphenols regulate chemokine
expression and tissue repair in human keratinocytes through interaction
with cytoplasmic and nuclear components of epidermal growth factor
receptor system. Antioxid Redox Signal. 2012;16:314-328.

Kostyuk VA, Potapovich Al, Lulli D, Stancato A, De Luca C, Pastore S,
Korkina L. Modulation of human keratinocyte responses to solar UV by
plant polyphenols as a basis for chemoprevention of non-melanoma skin
cancers. Curr Med Chem. 2013;20:869-879.

Mufioz E, Avila JG, Alarcon J, Kubo |, Werner E, Céspedes CL. Tyrosinase
inhibitors from Calceolaria integrifolia s.l.: calceolaria talcana aerial
parts. J Agric Food Chem. 2013;61:4336-4343.

Potapovich Al, Kostyuk VA, Kostyuk TV, de Luca C, Korkina LG. Effects of
pre- and post-treatment with plant polyphenols on human keratinocyte
responses to solar UV. Inflamm Res. 2013;62:773-780.

Korkina LG. Phenylpropanoids as naturally occurring antioxidants:
from plant defense to human health. Cell Mol Biol (Noisy-le-grand).
2007;53:15-25.

Wartenberg M, Budde P, De Mareés M, Griinheck F, Tsang SY, Huang Y,
Chen ZY, Hescheler J, Sauer H. Inhibition of tumor-induced angiogenesis
and matrix-metalloproteinase expression in confrontation cultures
of embryoid bodies and tumor spheroids by plant ingredients used in
traditional chinese medicine. Lab Invest. 2003;83:87-98.

Zhang F, Jia Z, Deng Z, Wei Y, Zheng R, Yu L. In vitro modulation of
telomerase activity, telomere length and cell cycle in MKN45 cells by
verbascoside. Planta Med. 2002:68:115-118.

Lee KW, Kim HJ, Lee YS, Park HJ, Choi JW, Ha J, Lee KT. Acteoside
inhibits human promyelocytic HL-60 leukemia cell proliferation via
inducing cell cycle arrest at GO/G1 phase and differentiation into
monocyte. Carcinogenesis. 2007;28:1928-1936.

Chen M, Bin Huang YZ, Yang X, Wu Y, Liu B, Yuan Y, Zhang G. Evaluation
of the antitumor activity by ni nanoparticles with verbascoside. J
Nanomater. 2013;2013:62349.

Zhang F, Jia Z, Deng Z, Wei Y, Zheng R, Yu L. In vitro modulation of
telomerase activity, telomere length and cell cycle in MKN45 cells by
verbascoside. Planta Med. 2002;68:115-118.

Zhou L, Feng Y, Jin Y, Liu X, Sui H, Chai N, Chen X, Liu N, Ji Q, Wang Y, Li
Q. Verbascoside promotes apoptosis by regulating HIPK2-p53 signaling
in human colorectal cancer. BMC Cancer. 2014;14:747.

Zhang Y, Yuan Y, Wu H, Xie Z, Wu Y, Song X, Wang J, Shu W, Xu J, Liu B,
Wan'L, Yan Y, Ding X, Shi X, Pan Y, Li X, Yang J, Zhao X, Wang L. Effect of
verbascoside on apoptosis and metastasis in human oral squamous cell
carcinoma. Int J Cancer. 2018;143:980-991.

Jia WQ, Wang ZT, Zou MM, Lin JH, Li YH, Zhang L, Xu RX. Verbascoside
inhibits glioblastoma cell proliferation, migration and invasion
while promoting apoptosis through upregulation of protein tyrosine
phosphatase shp-1 and inhibition of stat3 phosphorylation. Cell Physiol
Biochem. 2018;47:1871-1882.




644 SENOL et al. Cytotoxic Effects of Verbascoside

61.

62.

63.

64.

65.

66.

67.

Wartenberg M, Budde P, De Mareés M, Griinheck F, Tsang SY, Huang Y,
Chen ZY, Hescheler J, Sauer H. Inhibition of tumor-induced angiogenesis
and matrix-metalloproteinase expression in confrontation cultures
of embryoid bodies and tumor spheroids by plant ingredients used in
traditional chinese medicine. Lab Invest. 2003;83:87-98.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA
Cancer J Clin. 2005;55:74-108.

Aggarwal BB, Shishodia S. Molecular targets of dietary agents for
prevention and therapy of cancer. Biochem Pharmacol. 2006;71:1397-
1421.

Delazar A, Asnaashari S, Nikkhah E, Asgharian P. Phytochemical
analysis and antiproliferative activity of the aerial parts of Scrophularia
subaphylla. Res Pharm Sci. 2019;14:263-272.

Nga VT. Constituents of the leaves of Pseuderanthemum carruthersii
(Seem.) Guill. var. atropurpureum (Bull.) Fosb. Amsterdam, Netherlands:
Elsevier; 2017.

Vinayagam A, Sudha PN. In Vitro cytotoxicity activity of acteoside from
leucas Indica flowers. Indian J Appl Resg 2014:4:1-3.

Harput US, Genc VY, Saracoglu |. Cytotoxic and antioxidative activities
of Plantago lagopus L. and characterization of its bioactive compounds.
Food Chem Toxicol. 2012;50:1554-1559.

68.

69.

70.

1.

T2.

Vasincu A, Neophytou CM, Luca SV, Skalicka-Wozniak K, Miron
6-0-(3",

rhamnopyranosylcatalpol and verbascoside: Cytotoxicity, cell cycle

A, Constantinou Al 4"-di-O-trans-cinnamoyD-a-1-
kinetics, apoptosis, and ROS production evaluation in tumor cells. J
Biochem Mol Toxicol. 2020;34:e22443.

Papoutsi Z, Kassi E, Mitakou S, Aligiannis N, Tsiapara A, Chrousos
GP, Moutsatsou P. Acteoside and martynoside exhibit estrogenic/
antiestrogenic properties. J Steroid Biochem Mol Biol. 2006;98:63-71.

Ma YC, Zhang M, Xu WT, Feng SX, Lei M, Yi B. [Chemical constituents
from Callicarpa nudiflora and their cytotoxic activities]. Zhongguo Zhong
Yao Za Zhi. 2014;39:3094-3101.

Rahmat A, Edrini S, Akim A, Ismail P, Hin TYY, Abu Bakar MF.
Anticarcinogenic properties of strobilanthes crispus extracts and its
compounds in vitro. Int J Cancer Res. 2006:2:47-49.

Ramos P, Santos SAO, Guerra AR, Guerreiro O, Felicio L, Jerénimo
E, Silvestre AJD, Neto CP, Duarte M. Valorization of olive mill
residues: Antioxidant and breast cancer antiproliferative activities of
hydroxytyrosol-rich extracts derived from olive oil by-products, Ind
Crops and Prod. 2013;46:359-368.



DOI: 10.4274/tjps.galenos.2021.71354 0 RIG I NAL ARTI c LE

Electrochemical Detection of Linagliptin and its
Interaction with DNA

Linagliptinin Elektrokimyasal Tespiti ve DNA ile Etkilesimi

© Seda Nur TOPKAYA™*, @ Hiiseyin Oguzhan KAYA!, @ Arif E. CETIN2

Tizmir Katip Celebi University Faculty of Pharmacy, Department of Analytical Chemistry, izmir, Turkey
2jzmir Biomedicine and Genome Center, izmir, Turkey

ABSTRACT

Objectives: Linagliptin (Lin) is a drug used in treatment of type 2 diabetes mellitus. In this study, the electrochemical detection of Lin and its
interaction with DNA was analyzed for the first time using voltammetric methods by measuring the oxidation currents of the adenine bases of DNA
before and after the interaction. In addition, the electrochemical properties of the Lin were studied.

Materials and Methods: The interaction between Lin and DNA was evaluated using differential pulse voltammetry. A three-electrode system
comprising of a pencil graphite electrode as the working electrode, reference electrode (Ag/AgCl), and platinum wire as the auxiliary electrode was
used in the electrochemical studies. Experimental conditions, such as the concentration, pH of the supporting electrolyte, and immobilization time
were optimized to obtain maximum analytical signals.

Results: The adenine bases of DNA were evaluated as an analytical signal obtained at approximately +1.2 V vs. Ag/AgCl. After the Lin-DNA
interaction, the oxidation currents of adenine decreased as proof of interaction. No reports have been published on Lin interacting with DNA. Based
on our results, a diffusion-controlled irreversible redox process involving independent oxidation was revealed for Lin. Under optimum conditions,
the detection limit was 6.7 pg/mL for DNA and 21.5 ug/mL for Lin. Based on the observations, Lin has a toxic effect on DNA.

Conclusion: We successfully demonstrated that Lin interacts with DNA, and its influence on DNA could play a vital role in the medical effect of the
drug.

Key words: DNA, linagliptin, DNA-drug interaction, electrochemistry, voltammetry

() |

Amag: Linagliptin (Lin), tip 2 diabetes mellitusun tedavisi igin kullanilan bir ilagtir. ilaclar, ligandlar ve kimyasallar gibi kiigiik molekiiller, kovalent ve
kovalent olmayan etkilesimler yoluyla DNA ile etkilesime girebilmektedir. ilaglar farmakolojik aktivitelerini farkli mekanizmalarla gésterdiklerinden,
DNA ile etkilesimlerinin altinda yatan mekanizmasini anlamak son derece énemlidir. Bu galismada Lin'in elektrokimyasal tespiti ve ilk defa DNA
ile etkilesimi galismasi yapilmistir. Bu etkilesim streci birbirleriyle etkilesim dncesi ve sonrasinda DNA adenin bazlarinin yikseltgenme akimlari
6lgulerek voltametrik yéntemlerle analiz edilmistir. Ayrica ¢calismamizda Lin'in elektrokimyasal 6zellikleri incelenmistir.

Gereg ve Yontemler: Lin ve DNA arasindaki etkilesim, diferansiyel puls voltametrisi kullanilarak degerlendirilmistir. Bu elektrokimyasal temelli
calismada; galisma elektrodu olarak grafit uglu kursun kalem, bir referans elektrot (Ag/AgCl ve yardimci elektrot olarak bir platin telden olusan Ggli
elektrot sistemi kullanilmistir. Maksimum analitik sinyalleri elde etmek igin konsantrasyon, destekleyici elektrolitin pH'si ve immobilizasyon siresi
gibi deneysel kosullar arastiriimistir.

Bulgular: Calismamizda DNA-Lin etkilesimi; DNA ve Lin'in birbirleriyle etkilesimi dncesi ve sonrasi adenine bazlarinin Ag/AgCl referans elektroda
karsi + 1.2 V'de verdigi yukseltgenme akimlari karsilastirilarak degerlendirilmistir. DNA etkilesiminden sonra, adenin yikseltgenme akimlari
azalmistir. Lin'in elektrokimyasal 6zelliklerinin arastirilmasi sonucu, bu molekl igin difizyon kontrollt, yikseltgenmeye bagli ve geri dénustimsiz
bir redoks siirecinin meydana geldigi agiga gikarilmistir. Optimum kosullar altinda, tespit sinirit DNA igin sirasiyla 6,7 pg/mL ve Lin igin 21,5 pg/mL
olarak bulunmustur. Elde edilen sonuglar degerlendirildiginde, Lin'in DNA Gzerinde toksik bir etkiye sahip oldugu sonucuna varilmistir.

Sonug: Bu galismada elde edilen sonuglar degerlendirildiginde; elektrokimyasal metotlar kullanarak Lin'in DNA ile etkilesime girdigi hizli ve basarili
bir sekilde gosterilmistir.

Anahtar kelimeler: DNA, linagliptin, DNA-ilag etkilesimi, elektrokimya, voltametri
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INTRODUCTION

The interaction of small molecules, such as drugs, with DNA
is important in pharmaceutical sciences? Such interactions
can occur in a covalent or non-covalent manner. In covalent
interactions, the bonding of a drug to DNA is irreversible,
causing cell death.® In non-covalent interactions, the bonding
is reversible. A non-covalent interaction occurs mainly in three
ways: Intercalation, groove binding, and electrostatic interaction.*
Among them, intercalation is the most powerful interaction
mechanism. In minor groove binding, a close interplay with the
groove wall occurs, and hydrogen bonds form between drugs
and DNA. In a major groove, hydrogen binds to DNA, forming a
DNA triplex. In electrostatic interactions, the interaction occurs
between the molecule and negatively charged phosphates
(PBS) yerine negatively charged phosphates.> The interaction
between drugs and DNA can be monitored using voltammetry,®
electrochemical impedance spectroscopy,” ultraviolet-visible
spectroscopy,® fluorescence spectroscopy,’ high-performance
liquid chromatography (HPLC),© fourier transform infrared
and Raman spectroscopy," surface plasmon resonance,”? and
molecular modeling methods.® Among them, electrochemical
methods, such as voltammetry and impedimetry, are generally
preferred owing to their low cost, rapidness, and high sensitivity.
In addition, compared with optical, chromatographic, or other
transducers, electrochemical transduction is more dynamic and
tunable.

Linagliptin (Lin) is a drug used for curing type 2 diabetes
mellitus! Lin can be electrochemically detected through cyclic
voltammetry (CV) and square wave voltammetry using Fe,O.-
modified carbon paste electrodes,” and Co,0, nanoparticles,
and multiwalled carbon nanotubes-modified carbon paste
electrodes.® Spectrofluorometric’ and HPLC methods'™ have
also been reported for Lin quantification in human plasma and
rat plasma, respectively. In addition, the HPLC-DAD method for
Lin quantification in the presence of its degradation products in
tablets has been studied.”

Herein, for the first time, we detected the interaction of Lin with
DNA electrochemically using differential pulse voltammetry
(DPV). In our study, the electrochemical properties of Lin were
analyzed in the first step. Subsequently, we examined the
oxidation signals of the adenine bases of DNA before and after

the interaction with Lin. As DNA can acts as a molecular wire or
a conductive bridge, the intrinsic electro-activity of DNA bases,
such as adenine and guanine, could be used as an indicator for
drug-DNA interaction in a label-free assay. In our study, we
explored how the presence of Lin influenced the oxidation of
adenine. Upon interaction with Lin, adenine oxidation currents
decreased dramatically. In addition, experimental parameters,
such as the concentration, pH of the supporting electrolyte, and
immobilization time, were optimized to obtain the maximum
current signals.

MATERIALS AND METHODS

Equipment

AUTOLAB apparatus connected to NOVA software (Metrohm,
The Netherlands) was used for performing the voltammetric
measurements. In all the experiments, pencil graphite electrodes
(PGEs), Ag/AgCl, and platinum wire were used as the working,
reference, and auxiliary electrodes, respectively.

DNA and Lin

Fish sperm double-stranded DNA (dsDNA) was purchased
from Sigma-Aldrich (Germany). Stock solutions of DNA were
prepared with tris-EDTA buffer (TE, pH: 8.0) and stored at
-20 °C. Lin was purchased from Sigma-Aldrich, and 1 mg/mL of
Lin stock solution was prepared with ultrapure water. During
the experiments, 0.5-M acetate [(ACB), pH: 4.8], 0.05-M (PBS,
pH: 7.4), and 0.1-M sodium borate (pH: 8.1) buffers containing
0.02-M NaCl were used.

Method
Figure 1 shows the scheme for the experimental steps.

Activation
+1.4 V was applied to PGEs for 30 s in ACB for activation.

DNA and its immobilization (when only DNA is immobilized)
The stock solutions of DNA were diluted with ACB. The activated
electrodes were immersed in 200 pg/mL of DNA solution for 1
h, and the electrodes were rinsed with ACB.

Lin and its immobilization (when only Lin is immobilized)
The stock solutions of Lin were diluted with ACB. The activated
electrodes were immersed in 600 pg/mL of the drug solution

Adenine Oxidation

DNA I
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Figure 1. Experimental steps for the electrochemical detection of the interaction between DNA and Lin

DPV: Differential pulse voltammetry
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for 1 hinthe dark. Subsequently, the Lin-immobilized electrodes
were rinsed with ACB.

Interaction

400 pg/mL of DNA and 1200 pg/mL of Lin were mixed in the
ratio of 1:1 in ACB. Thus, 200 ug/mL of DNA and 600 ug/mL
of Lin solutions were obtained. Subsequently, 100 pL of the
solution was transferred into the vials. The electrodes were
immersed in these vials for 1 h in the dark. Finally, the modified
electrodes were rinsed with ACB.

Measurement

DPV measurements were carried out from +0.4 to +1.4 V at a
scan rate of 50 mV/s in ACB.

Statistical analysis

No standard statistical procedure was performed in the current
study.

RESULTS and DISCUSSION

The electrochemical oxidation of DNA has been performed using
carbon electrodes, among which PGEs have been applied to the
largest extent.?® DNA bases are oxidized electrochemically at
graphite electrodes, resulting in well-separated oxidation peaks
on differential pulse voltammograms. The purine bases, such
as guanine and adenine are negatively charged; on the other
hand, the pyrimidine bases, such as cytosine and thymine, are
positively charged.?’ Consequently, the oxidation potential of
guanine and adenine that is much lower when compared to the
oxidation potential of cytosine and thymine.?? In general, the
more negative peak (+1.0 V vs. Ag/AgCD) corresponds to the
electro-oxidation of guanine, whereas the more positive peak
(+1.2 V vs. Ag/AgCl) belongs to electro-oxidation of adenine.
A dramatic decrease/increase at the oxidation/reduction peak
currents of the drug (if the drug can be oxidized or reduced) or
DNA, or potential shifts to the more positive or negative values
can be used for the proof of interaction. Optimization studies for
DNA, such as the concentration, immobilization time, and buffer
prepared, were performed, and the corresponding results are
shown in Figure 2.

To obtain maximum surface coverage, 25-200 pg/mL of DNA
were adsorbed on the PGEs. As shown in Figure 2A, the peak
currents of adenine increased with DNA concentrations (only
linear values are shown in Figure 2A). A gradual increase
was obtained until 200 pg/mL of DNA at PGE, and after this
concentration, there was almost no change in the response.
Thus, a DNA concentration of 200 pg/mL was selected as the
optimum DNA concentration.

The limit of detection (LOD) and the limit of quantification (LOQ)
were calculated in the concentration range between 25 and 200
ug/mL of DNA. According to the calibration plot (Figure 2A),
LOD and LOQ for DNA were calculated to be 6.7 and 22.3 pg/
mL, respectively, using the equation LOD: 3 s/m, and LOQ: 10
s/m (s is the standard deviation for the blank solution, and m is
the slope of the related calibration curve).?®

Figure 2B shows the histograms of adenine oxidation currents
as a function of immobilization time of DNA on the electrodes
from 40 to 120 min. Adenine oxidation currents slightly
increased with time and remained nearly unchanged after 60
min. As shown, long immobilization duration had no remarkable
effect on the response. Thus, 60 min was selected.

The effect of the buffer solution where DNA prepared was
investigated. Figure 2C shows the results. Clearly, the highest
guanine (+1.0 V) and adenine (+1.2 V) oxidation currents were
obtained with ACB and further experiments were performed in
ACB for the preparation of DNA solution.
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Figure 2. DNA optimization studies: (A) Calibration plot presenting
adenine oxidation currents for DNA concentrations ranging from 25 to 200
ug/mL. (B) Histograms for average adenine oxidation currents for different
immobilization times of DNA on the activated PGEs surface, e.g., 40 to
120 min. (C) Differential pulse voltammograms of guanine and adenine
oxidation currents obtained from different buffers where DNA prepared
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In Figure 3A, a differential pulse voltammogram is shown for
the oxidation of Lin by scanning from +0.7 to +1.1 V vs. Ag/AgCl
in ACB. As shown in Figure 3A, Lin has an irreversible anodic
peak at nearly +0.9 V. Lin's chemical structure is also shown in
Figure 3B. As shown previously, one proton could involve to the
oxidation process resulting from the oxidation of amine group
of piperidine ring.'

To optimize oxidation signals of Lin, various concentrations
from 100 to 600 pg/mL of Lin were prepared, and their oxidation
currents were measured with DPV (only calibration plot-linear
values were showed in Figure 4A). As shown in Figure 4A, Lin
oxidation currents obtained from nearly +0.9 V signals were
increased with the increased Lin concentration. The highest
and reproducible Lin oxidation currents were measured in the
presence of 600 pg/mL of Lin, and thus, this concentration was
selected as the optimum concentration.

LOD and LOQ were calculated in the concentration range
between 100 and 600 pg/mL of Lin. According to the calibration
plot (Figure 4A), LOD and LOQ for Lin were calculated to be 21.5
and 71.67 ug/mL, respectively.

The immobilization time, another parameter affecting the
oxidation currents of Lin, was examined in the range of 5-120
min (Figure 4B). Lin oxidation current increased with time
and remained nearly unchanged after 60 min. Therefore, Lin
immobilization time was chosen as 60 min.

The effect of pH of the supporting electrolytes on the oxidation
peak currents was investigated in the pH range from 3.7 to
9.8 (Figure 4C). The Lin oxidation currents disappeared at
pH 9.8. Therefore, we used three pH values (3.7, 4.8, and 7.4)
to analyze the effect of pH. As shown in Figure 4C, the peak
potential shifted toward more negative values as pH increased,
demonstrating the involvement of protons during the oxidation
process.* The highest peak current was observed in pH: 4.8,
and thus, this supporting electrolyte was chosen.

Over the pH range 3.7-7.4, the anodic peak potential (Ep,) of Lin
varied linearly as a function of pH (Figure 4D). According to
Ep,-pH behavior results, the equation is as follows:

Ep, = -0.0189 pH +1.02 R? = 0.9997 (equation 1)
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The slope of equation 1 (19 mV/pH) is far from the ideal
slope value of 59 mV/pH, which suggests that the number of
transferred protons and electrons are not equal. According to
the literature, this result can be explained due to deprotonation
or adsorption oxidation products that block electrode surface.?®

The effect of scan rate (v) on Lin oxidation currents was also
analyzed with CV. The peak currents (Ip ) of Lin increased with
increasing scan rate (10 to 100 mV/s). According to the results,
the equation is as follows:

log Ip, = 0.6098 log (v) + 0.746 (R? = 0.9756) (equation 2)

According to equation 2, the slope of the above equation (0.6)
is close to the theoretical value of 0.5, which showed the
occurrence of a diffusion-controlled electrode process.?

The relationship of Ep_ between scan rates was analyzed with
CV. According to the results, the equation is as follows:

Ep, = 0.0478 log (v) + 1.0426 (R* = 0.9618) (equation 3)

The peak potential shifted slightly positively with increasing
scan rate (10 to 100 mV/s). This indicates that an irreversible
electrochemical process has occurred.?’

The relationship of the peak currents of Lin (Ip,) between roots
of scan rate (v'?) was also analyzed. According to the results,
the equation is as follows:

Ip, (WA) = 3.5219 (v)"2 + 0.0598 (R? = 0.9808) (equation 4)

The linear increase in Ip, with the v'2 indicates a diffusion-
controlled redox process.?

The mechanism of interaction between drug molecules and
DNA could be explored in three different ways. The first
one is the evaluation of the changes in the electrochemical
responses of DNA before and after the interaction with drugs.
In addition, the interaction could be assessed by obtaining a
dramatic decrease/increase at the drug's oxidation/reduction
peak currents, which selectively binds to DNA. In general,
the appearance or disappearance of redox signals in typical
voltammograms of the drug of interest after incubating with
DNA in an electrochemical cell is preferred. Finally, potential

B

/>—N

NH

Figure 3. (A) Differential pulse voltammograms for oxidation currents of Lin obtained at nearly +0.9 V in ACB. (B) Chemical structure of Lin molecule

ACB: 0.5-M acetate
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shifts to the more positive or negative side by the intercalation of
nucleic acid-binding molecules into DNA could help understand
the underlying mechanism of the interaction.

Our study aimed to investigate the interaction between DNA
and Lin and to understand the interaction mechanism. Hence,
interaction studies were performed. To optimize DNA-Lin
interaction, different interaction times from 30 to 90 min were
performed. Figure 5A shows the results. In the study, 400 pg/
mL of DNA and 1200 pg/mL of Lin were mixed in a ratio of
1:1 in ACB. Thus, 200 pg/mL of DNA and 600 pg/mL of Lin
solutions were obtained. Subsequently, 100 pL of the solution
was transferred into the vials, and these vials were kept at
interaction times ranging from 30 to 90 min. The adenine
oxidation signal was measured as 0.51 (for 30 min), 0.72 (for 60
min), and 0.61 pA (for 90 min) before DNA-Lin interaction. After
the interaction between DNA and Lin, the adenine oxidation
signals were 0.25 (for 30 min), 0.32 (for 60 min), and 0.33 pA
(for 90 min). The highest difference between before and after
the signal was observed with 60 min. Therefore, the optimum
interaction time was selected as 60 min.

After finding the optimum conditions, the interaction between
DNA and Lin was performed to investigate the behavior of Lin
on DNA to understand how Lin could interact with DNA (Figure
5B). The Lin-DNA interaction was investigated in comparison to
the alterations in the adenine oxidation currents in the absence
and presence of Lin. In our study, guanine currents were not
analyzed because their signals were close to Lin oxidation
signals and could interfere.
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After the interaction with Lin, adenine oxidation signals were
decreased. The adenine peak potential did not shift after the
interaction. We assumed that the interaction of DNA with Lin
leading to conformational changes in the DNA structure followed
by the interaction of Lin to the adenine bases, which attenuates
the electrochemical signal of adenine. This phenomenon could
be explained by the shielding of the oxidizing groups of adenine
or fewer base molecules being available for oxidation.?

According to the results based on adenine signals obtained
from Figure 5B, the toxicity effect (S %) of Lin on DNA was
calculated using equation 5:%

S % =(S,/S,) x 100 (equation 5)

S %: Percentage of the adenine peak current change,

S_: Height of the adenine peak current after the interaction with
Lin,

S,: Height of the adenine peak current before the interaction
with Lin.

Generally, if the S % value is more than 85, it is assumed to
be non-toxic. If this value is between 50 and 85, it could be
moderately toxic, and if less than 50, it is considered toxic.
With this equation, the S % value was calculated to be 44%,
demonstrating the toxicity of Lin to DNA.

Based on our voltammetric measurements and toxicity
calculation, Lin could have toxic effects on DNA.

w

0,60

0,40

0,20

CURRENT (pA)

0,00
5 30 60 90 120

TIME (min)

w)

y=-0.0189x + 1.02
0,96 R2=0.9997

0,92

0,88

POTENTIAL (Epa)

0,84

Figure 4. Lin optimization studies. (A) Calibration plot presenting Lin oxidation currents from 100 to 600 pg/mL of Lin. (B) Histograms for average Lin
oxidation currents for different immobilization time of Lin on the activated PGEs surface, e.g., 5 to 120 min. (C) Differential pulse voltammograms of Lin
oxidation currents from different supporting electrolytes with pH ranging from 3.7 to 9.8. (D) Plots of Ep, vs. pH

Lin: Linagliptin, PGEs: Pencil graphite electrodes, Ep,_: Anodic peak potential
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Figure 5. Interaction of DNA and Lin. (A) Histograms for average adenine oxidation signals for different interaction times between Lin and DNA e.g., 30 to
90 min. (B) Differential pulse voltammograms of guanine and adenine oxidation currents after interaction with Lin

Lin: Linagliptin, dsDNA: Double-stranded DNA

CONCLUSION

This is the first study demonstrating the electrochemical
detection of the interaction between DNA and Lin using
electrochemical techniques. The electrochemical properties of
Lin were investigated, and the effects of DNA-Lin interaction
have been explored in comparison with the alterations in
the adenine oxidation peak. The interaction that occurred in
the solution phase was characterized by the change in the
adenine oxidation peak current before and after the incubation.
According to our study, the diffusion-controlled irreversible
redox process involving independent oxidation was revealed for
Lin. After the interaction with Lin, the adenine oxidation signals
of DNA decreased as proof of interaction. The adenine peak
potential did not shift after the interaction with Lin. Our results
also showed that Lin is toxic to dsDNA.
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Nanoemulsions as Ophthalmic Drug Delivery
Systems

Oftalmik llac Tastyici Sistemler Olarak Nanoemdilsiyonlar
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ABSTRACT

Nanoemulsions are liquid-in-liquid dispersion with a droplet size of about 100 nm. They have a transparent appearance, high rate of bioavailability,
and increased shelf life. Nanoemulsions mainly consist of oil, water, surfactant, and cosurfactant and can be prepared by high- and low-energy
methods. Diluted nanoemulsions are utilized for the delivery of ophthalmic drugs due to their capability to penetrate the deep layers of the ocular
structure, provide a sustained release effect, and reduce the frequency of administration and side effects. These nanoemulsions are subjected to
certain tests, such as safety, stability, pH profile, rheological studies, and so on. Cationic nanoemulsions are prepared for topical ophthalmic delivery
of active ingredients from cationic agents to increase the drug residence time on the ocular surface, reducing their clearance from the ocular
surface and improving drug bioavailability. This review article summarizes the main characteristics of nanoemulsions, ophthalmic nanoemulsions,
and cationic nanoemulsions and their components, methods of preparation, and the evaluation parameters for ophthalmic nanoemulsions.

Key words: Nanoemulsion, cationic nanoemulsions, ophthalmic drug delivery
(O |

Nanoemdilsiyonlar, yaklasik 100 nm’lik bir damlacik boyutuna sahip sivi iginde sivi dispersiyonudur. Seffaf bir gérintime, yiksek biyoyararlanima ve
artirilmis raf dmrtine sahiptirler. Nanoemulsiyonlar esas olarak yag, su, ylzey aktif madde ve yardimci ylzey aktif maddeden olusur ve ytksek ve
dustk enerjili yontemlerle hazirlanabilir. Seyreltilmis nanoemlsiyonlar, okdler yapinin derin katmanlarina nifuz etme, sirekli salim etkisi saglama
ve uygulama sikligini ve yan etkileri azaltma kabiliyetleri nedeniyle oftalmik ilaglarin verilmesi igin kullanilir. Bu nanoemdilsiyonlar, givenlik, stabilite,
pH profili, reolojik galismalar vb. gibi belirli testlere tabi tutulur. Katyonik nanoemulsiyonlar, ilacin okiler ytzey Uzerinde kalis stresini artirmak,
okduler ytzeyden klirensini azaltmak ve ilag biyoyararlanimini gelistirmek igin katyonik ajanlardan aktif bilesenlerin topikal olarak oftalmik taginimi
igin hazirlanir. Bu derleme, nanoemdilsiyonlarin, oftalmik nanoemilsiyonlarin ve katyonik nanoemulsiyonlarin temel &zelliklerini ve bilesenlerini,
hazirlama yontemlerini ve oftalmik nanoemulsiyonlar igin degerlendirme parametrelerini 6zetlemektedir.

Anahtar kelimeler: Nanoemdilsiyon, katyonik nanoemtlsiyonlar, oftalmik ilag verilmesi

INTRODUCTION The drug is removed from the precorneal area within several
Ophthalmic drug delivery system is one of the most important minutes after instillation due to lacrimal secretion and
routes of drug administration, but it is regarded as a challenging nasolacrimal drainage.*

attempt encountered by pharmaceutical scientists! Most
ophthalmic diseases are treated by topical eye drop instillation;
however, several problems, such as poor bioavailability, are ~ tedious preparation methods, are associated with the scalingup

associated with these formulations.? of nanoemulsions.®

Various problems, including the issue on stability, high cost, and
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For the above reasons, pharmaceutical scientists attempt to
formulate ophthalmic preparations that can overcome such
problems. Although the incorporation of drugs in different
pharmaceutical vehicles, such as ointments, suspensions, and
emulsions, can improve the bioavailability and provide sustained
drug release, they cannot be regarded as the formulation of
choice given their ocular adverse effects, including irritation,
redness of the eye, interference with vision, and low product
stability. In addition, chronic administration may increase
systemic availability and cause severe systemic complications.
Formulations containing preservatives also induce adverse
reactions upon systemic absorption.>7

Nanotechnology is one of the most important promising
approaches for ophthalmic drug delivery. This technology is
currently being applied for drug delivery to the anterior and
posterior segments of the eye. Nanotechnology-based systems
with an appropriate particle size can be formulated to ensure
low irritation to the patient’'s eye, adequate bioavailability,
and compatibility with the ocular tissue. Such systems are an
excellent approach for the delivery of lipophilic drugs, which
involves the application of cationic nanoemulsion, benefitting
from the negatively charged corneal and conjunctival cells that
can prolong the drug residence time on the ocular surface and

choroid

improve drug absorption and bioavailability.?

Barriers for intraocular drug transport

Each layer of the ocular tissue has distinct features and poses a
diverse barrier following drug administration via a certain route
(Figure N0

Tears

Tears can influence the administration of ophthalmic drugs
through binding with the administered drug, resulting in
enhanced clearance and drug dilution. Tear turnover is one
of the dynamic barriers that significantly decrease drug
availability, leading to inhibition of therapeutic effect.M"

Cornea

The cornea, which is a non-vascular structure, consists of three
main layers: the outer epithelial layer which is a lipophilic layer,
the middle stromal layer which is hydrophilic in nature, and the
inner endothelial layer that separates the aqueous humour and

the stroma.’ The corneal epithelium forms the most important
barrier to drug absorption by topical administration; the corneal
cells of glycosyl amino glycans lining the ocular surface are
negatively charged at physiological pH.>¢ When applying a
positively charged formulation to the eye, an electrostatic
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Figure 1. Ocular barriers for drug transport®
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attraction will possibly occur, which will prolong the residence
time of the formulation on the ocular surface.>'?

Conjunctiva

The conjunctiva of the eye is a thin layer that lines the inside
of eyelids and maintains the tear film. The stroma between
the outer conjunctival epithelium and inner sclera has an
abundance of blood and lymphatic vessels throughout the
subconjunctiva, and it acts as a dynamic barrier to hydrophobic
drug absorption. Given the rich capillaries and lymphatic
vessels in the stroma, the drug administered to the conjunctival
sac can be rapidly cleared.®”? The conjunctival epithelium is
more penetrable to larger molecules and has 20 times larger
surface area than the cornea because of its wider intercellular
spaces. The conjunctival pathway favors the absorption of
large hydrophilic molecules (with molecular weight nearly
less than 20 kDa), such as proteins and peptides, different
from the corneal route which favors lipophilic small molecules
(the majority of drugs). Meanwhile, the retardation of the
passive pathway can occur by the tight junctions present in the
conjunctival epithelium. Therefore, if drug absorption through
the conjunctiva is compared with that through the cornea, the
former is considered as non-productive, leading to the low
bioavailability of ophthalmic drugs."”

Sclera

The sclera is the outer layer of the eyeball and is known as the
white of the eye. This part can maintain the eye shape through
its fibrous structure. The hydrophobic nature of drugs affects
the permeability of sclera; when the lipophilicity of a drug
increases, the permeability across the sclera will decrease, and
vice versa.® Moreover, the permeation of therapeutic molecules,

including drugs, depends on the hydration degree of sclera and
its intraocular pressure. Intraocular pressures in the normal
range of 15-20 mmHg have negligible effects on permeability,
whereas the trans-scleral permeability of solute molecules
is affected by their high intraocular pressure up to (>20-60
mmHg)."

Choroid/Bruche’s membrane

This part of the eye is regarded as the most vascularized part
of the body. The choroidal thickness decreases with age. By
contrast, the thickness of Bruch’'s membrane increases with
age, and the changes in the thickness of choroid and Bruch's
membrane may affect drug penetration into the retina.® With
aging, the choroid becomes thinner, and the Bruch’s membrane
becomes thicker, leading to alteration in the barrier property
which in turn alters drug permeation of drug molecules over
the years."

Retina

The retina is located at the back of the eye, on which an image
is formed from the light that enters the eye from the cornea,
passing across the anterior part until it reaches the retina in
the posterior part of the eye, where it can then be interpreted
in the brain. The retina may be subjected to diseases that affect
the posterior segment of the eye, such as age-related macular
degeneration and diabetic retinopathy. All of the drugs in the
vitreous can be eliminated by anterior and posterior route; the
drugs can be eliminated across the retina after passing through
the internal limiting membrane that separates the retina and the
vitreous.8?

CD44 is over expressed on the retina surface and is important
in targeting a number of drugs and gene-based therapeutics.

Table 1. Anatomical barriers for intraocular drug transport'

Anatomical barriers  Characteristics

Epithelium is a major barrier to passage of hydro-philic drugs; tight intercellular junctions restrict

Cornea paracellular diffusion.
Stroma is a barrier to passage of highly lipophilic drugs.
Tear Drugs bind with mucin, dilution of topical drugs.
Induced lacrimation and tear film turnover increase drug clearance.
Coniunctiva More permeable than cornea to hydrophilic drugs and macromolecules; has greater surface area.
) Epithelium-tight intercellular junctions.
Hydrated stroma better absorption of hydrophilic drugs.
Sclera More permeability to macromolecules.
Molecular radius is an important parameter to determine permeation.
Choroid Receives less blood flow, resulting in less drug permeation from the systemic circulation.

Choroid Bruch's membrane limits permeation of lipophilic drugs.

Vitreous humour

Hyaluronan- is more permeable to anionic drugs (due to negatively charge).

Large, lipophilic/hydrophilic drugs retained more in vitreous humor.

Retina

Permeable to small, lipophilic, or hydrophilic molecules.

Inner limiting membrane limits entry of drugs from vitreous into retina.

Blood aqueous barrier- tight junctions limit entry of solutes into aqueous humour and entry of hydrophilic drugs from

Blood ocular barriers plasma into aqueous humour.

Outer blood retinal barrier- major barrier to hydrophilic drugs.
Inner blood retinal barrier- major barrier which limits entry of systemic drugs into retina.
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Retina demonstrates the presence of 15-20 nm-wide
intercellular spaces without tight junctions. As a result, small
hydrophilic/lipophilic drugs can permeate the retina. However,
large cationic molecules exhibit resistance to permeation in the
retina. Inner and outer plexiform layers are major barriers to
the diffusion of large molecules in human retina. This condition
is supported by observations showing the persistence of hard
exudates in hypertensive or diabetic retinopathy for months
in the retina because molecules greater than 76 kDa diffuse
through the retina very slowly, whereas macromolecules with a
molecular weight greater than 150 kDa are arrested by the inner
limiting membrane.'2

Table 1 presents all the above barriers and their characteristics.”®
Main challenges and key considerations in ocular drug delivery

Challenges

The eye is a unique organ anatomically and physiologically,
and it contains highly varied structures with independent
physiological functions. This complexity of the eye provides
special challenges to ocular drug delivery strategies!® One of
the challenges is the absorption; as with traditional eye drops,
ocular bioavailability after topical administration is low at 3%-
4% due to the eye’s impermeable nature and small surface area.
Other challenges include poor drug solubility. Lipophilic drugs
cannot be incorporated in conventional aqueous eye drops. For
this reason, they must be formulated as suspensions. Regarding
patient compliance, frequent instillations are usually needed
with eye drops to reach the desired therapeutic range of the
drug. High tolerability or comfort demands limit the formulation
options. As for excipient choice, limited numbers of expedients
are listed in ophthalmology. Finally, the delivery of conventional
eye drops to the posterior segment of the eye is impossible.??

Considerations

Ocular drugs typically achieve <10% ocular bioavailability. If
a drug is applied to the outer surface of the eye, it may pass
ocular blood barriers where it will encounter metabolizing
enzymes and cellular transporters before it reaches the site of
action. Thus, the anatomy and physiology of the eye, including
the mucus layer, eyelids, metabolism, and blink drainage, must
be considered. Other considerations include tear composition,
such as enzymes, lipid outer layer, and stability of the tear film;
disease state and occurrence of keratitis or inflammation on
absorption, drug clearance, and ocular comfort and tolerability
of the formulation, including viscosity, drop size, pH, and
osmolality. In addition to the above considerations, patient
anticipation, squeeze capability, and type of packaging must be
accounted for.8%"

Efflux transporters and ophthalmic drug bioavailability

The primary barriers result in poor absorption of the drug and
poor bioavailability, especially for anterior segment ophthalmic
drug delivery. Several of these barriers have been identified in
epithelial cells of various ocular tissues in humans and rabbits;
these barriers include p-glycoprotein (also called multidrug
resistance protein 1), multidrug resistance-associated proteins
(MRP1, MRP2, MRP3, MRP4, MRP5, MRP6, MRP7, MRP8, and
MRP9), lung resistance proteins, and breast cancer resistance

proteins. Current studies focus on the role of these barriers in
ophthalmic drug delivery.>"® Efflux transporters for anticancer
drugs, antibiotics (ofloxacin and erythromycin), and steroids are
recognized and limit drug bioavailability!* However, different
studies suggest various concepts, such as the conjugation
of drugs to the dendrimer to enable the bypassing of efflux
transporters, resulting in an increased drug solubility and
therefore increased drug bioavailability. In a study, propranolol
(a calcium channel blocker), a well-known substrate of the
p-glycoprotein efflux transporter, was conjugated to lauroyl-G3
dendrimers. This conjugation showed enhanced drug solubility.”
However, the oral application of dendrimers for drug delivery is
in its infancy but may emerge as a promising strategy in the
future.®

Definition of nanoemulsion

Nanoemulsions can be defined as a clear and stable dispersion
of oil and water. They are mainly composed of the internal,
dispersed, and external phases or the dispersion medium. The
surfactant and cosurfactant molecules play an effective role in
the formation of nanoemulsions due to their capability to reduce
the interfacial tension and create a small particle size due to
their function in the formation of stable preparations as a result
of the repulsive electrostatic interaction and steric hindrance. In
general, surfactants are molecules that have a bipolar structure
composed of hydrophilic and hydrophobic parts.®"

Nanoemulsions are colloidal carriers of drug molecules with a
droplet size in the range of 500-1000 nm (preferably from 100
nm to 500 nm). As a drug delivery system, they increase the
therapeutic efficacy and minimize the adverse effects and toxic
reactions of the administered drug.?°?

Nanoemulsions can be distinguished from microemulsions in
terms of their droplet size and physical stability characteristics.
Microemulsions are isotropic and transparent systems that
contain spherical droplets of the water or oil phase (diameter
range: 10-100 nm) and dispersed in an external oil or water
phase, respectively. Microemulsions are thermodynamically
more stable than nanoemulsions given the necessity of
introducing thermal and/or mechanical energy in the
preparation of nanoemulsions (i.e., mixing and heating) and
phase separation after a certain period after the preparation
of nanoemulsions. This condition is one of the most distinctive
differences between microemulsions and nanoemulsions in
terms of stability.?02?

The preparation of nanoemulsion can be classified into two main
classes, namely, high-energy methods such as highpressure
homogenization and ultrasonication, and low-energy methods
such as phase inversion.?®

The translucent appearance of nanoemulsions is due to a
droplet size of less than 100 nm. With such a small droplet
size, the nanoemulsion is thermodynamically unstable during
dispersion. The required high-concentration of surfactants
results in the sticky texture of the formulation. A yellowish
appearance and rancid odor occur after storage due to the
presence of phospholipids, which are generally used to stabilize
nanoemulsions. Thus, a formulation was developed and
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presented to overcome these problems (US6335022b1); this
formulation utilizes oxyethylenated and non-oxyethylenated
sorbitan fatty esters as surfactants.® The contrivers believed
that the use of surfactants selected from oxyethylated or
nonoxyethylated sorbitan fatty esters with a molecular weight
of more than 400 g per mole, which are solid at a temperature
of less than 45°C, can result in a stable formulation. In addition,
a similar formulation-stabilizing effect can result from
amphiphilic lipids from a group of alkaline salts of cholesterol;
these formulations can be used as effective delivery vehicles
for antiglaucoma, anti-inflammatory, antiviral, and antiallergic
effects.?3?

The bioavailability of ophthalmic preparations can be improved
by enhancing the drug residence time on the cornea through
increasing the viscosity of formulations. This effect can
be achieved by increasing the fraction of the dispersed oil
phase and by incorporating water-soluble polymers, which
can form a gel with the continuous aqueous phase. Certain
studies demonstrated that caution should be recommended in
considering the ideal concentration of water-soluble polymers
to obtain the required viscosity with a transparency of the
preparation.?®

Prostaglandins affect a wide range of physiological activities,
such as blood pressure, pain awareness, and clotting
mechanisms. Several of these analogs are utilized in ophthalmic
antiglaucoma preparations, such as travoprost, latanoprost, and
bimatoprost. However, such analogs are chemically unstable in
aqueous preparations and have a poor water solubility.

Thus, various strategies have been suggested to avoid these
challenges. These strategies include pH adjustment and
complexation with cyclodextrin to improve solubility and
stability. Solubility can also be improved by the addition of
benzalkonium chlorides. The problem associated with these
preparations is the ocular intolerability associated with the
positively charged resultant preparation. Carli et al.? discovered
that neutral zeta potential and non-toxic preparations can be
obtained from a nanoemulsion formulation that consists of
prostaglandin containing oil phase as an internal phase and is
dispersed in the aqueous external phase, utilizing two or more
non-ionic surfactants.?” Cyclosporin A is used widely for the
treatment of dry eye disease. However, precipitation of the
drug occurs as a result of its poor solubility in the aqueous
medium. In patent disclosures US4649047 and US6582718, the
improved formulation of this drug has been reported.?®

Positively charged ophthalmic preparation strategy is applied
by utilizing the negative charge of corneal barriers. United
States patent no. 6007826 describes an oil/water preparation
consisting of surfactants/lipid; this preparation has a positively
charged polar group, resulting in a cationic preparation that can
bind strongly to the corneal surface.?

Wang et al*® and colleagues from Hainan University, China
developed coconut oil-in-water emulsions that were formulated
using three polysaccharides. The main effects of the ratio of
compounded polysaccharides on their apparent viscosity and

interfacial activity were studied. Various data, in addition to the
physical stability of the formulated emulsions with different
compound polysaccharides, were studied. The results showed
that emulsions formulated with compound polysaccharides
manifested small average particle sizes, and the stability
analysis showed that the emulsion formulated by compounding
polysaccharides had preferable physical stability.®

Components of nanoemulsions

The prime components of nanoemulsions are oil, aqueous
phase, and emulsifying agents. Different types of oils, such
as medium-chain triglycerides, mineral oils, and vegetal oils
including castor oil, can be used in ophthalmic nanoemulsions.®
Emulsifying agents are important in maintaining product
stability because without these agents, the oil and water
phases will separate into two layers. These compounds may
be surfactants, such as polysorbates, cremophors, poloxamers,
tyloxapol, and vitamin E-TPGS. Emulsifying agents should have
certain properties, including compatibility with the product and
non-toxicity.>?'

Desirable properties of emulsifying agents?323
1. They should have the capability to reduce the surface tension
to less than 10 dyne/cm.

2. They should form a stable and coherent film around the
dispersed phase globules to prevent coalescence.

3. They should provide adequate viscosity and zeta potential for
optimum stability.

4. They should be effective in low concentration.

Types of films around dispersed globules in nanoemulsions®#*

Monomolecular film

The surfactants that stabilize nanoemulsions form a monolayer
of ions or adsorbed molecules at the interface, and this
monolayer reduces the interfacial tension; to date, a combination
of emulsifying agents can be used; such a combination is
composed of a hydrophilic emulsifying agent at the aqueous
layer and lipophilic one at the lipoid layer to produce a complex
film at the interface.®

Multimolecular film

A multimolecular film around the droplets is formed by hydrated
lyophilic colloids; these agents do not lower the surface tension
significantly but can increase emulsion stability through their
tendency to enhance the viscosity of the external phase.®

Solid particulate film

This type of film is produced by emulsifying agents, which
are small solid particles and form a film around the dispersed
droplets, hence inhibiting their coalescence.?%

Preparation of nanoemulsions

Two main methods are used for nanoemulsion preparation:
High-energy and low-energy methods. Low-energy methods
involve changing the composition or temperature, which results
in system reversal and the formation of small droplets. The
most common low-energy methods are emulsion inversion
point (EIP) and phase inversion temperature (PIT) methods.3%"
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High-energy methods consist of two main steps, which result
in the formation of the nanoemulsion. The first step involves
the mixing of oil, water, and surfactant for a sufficient period in
a simple stirrer system, resulting in the formation of oil/water
macroemulsion. The second step includes the conversion of the
macroemulsion into a nanoemulsion through a homogenizer,
which forces the macroemulsion through a narrow gap; this
homogenization is repeated several times until a constant
droplet size is achieved (Figure 2a).??%*® Zhang et al®
prepared tacrolimus-loaded cationic nanoemulsions by using
a highpressure homogenization method. Meanwhile, Dukovski
et al.*’ used a microfluidizer and homogenizer to prepare an
ibuprofenloaded cationic nanoemulsion.

Different from high-energy methods, low-energy methods start
with a water/oil emulsion, which is converted into an oil/water
emulsion due to the changes in temperature and composition.
The EIP method involves the conversion of a water/oil
macroemulsion, which is formed initially at room temperature,
into an oil/water nanoemulsion through gradual dilution until
it passes over the inversion point, at which transformation

high energy methods
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occurs. This method requires no energy to form the emulsion
owing to the low interfacial tension between the oil and water
interface, which results in the formation of small droplets. In
the PIT method, the initial water/oil macroemulsion is formed at
a temperature higher than the PIT, and conversion occurs after
cooling to produce the required oil/water emulsion without the
need for energy (Figure 2b).3%42 Figure 2 was used with the
personal permission from Gupta et al.*

Instability of nanoemulsions®?’
1. Flocculation can be defined as an aggregation of small
globules to form large floccules.

2. Creaming refers to the settling down or rising up of floccules,
which form a concentrated layer. Upon agitation, the emulsion
can be reconstituted.

3. Cracking is the permanent instability of a nanoemulsion, in
which the internal phase separates as a layer. In this case, upon
agitation, the emulsion cannot be reconstituted, and additional
amounts of surfactants may be beneficial.

7/

high pressure
homogenization B .

ultrasonication

Figure 2a. Overview of high-energy methods, such as high-pressure homogenization and ultrasonication, for the preparation of oil/water nanoemulsion®
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Figure 2b. Overview of low-energy methods for the preparation of oil/water nanoemulsion

Other nanoemulsion preparation methods, such as as bubble bursting, evaporative ripening, and microfluidization, are also employed®
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4. Miscellaneous instability denotes the instability of a
nanoemulsion due to extreme temperature and light. In this
scenario, the emulsion should be stored in a tight-colored
container.

5. Phase inversion occurs as a result of changes in the volume
ratio of phases or addition of electrolytes, which lead to the
changes in the emulsion type from water/oil to oil/water, and
vice versa.

Important factors during the preparation of nanoemulsions”*3
One of the most important factor during nanoemulsion
preparation is the careful choice of surfactants to achieve
an extremely low interfacial tension. The concentration
of surfactants must be sufficiently high to stabilize the
microdroplets to yield the nanoemulsion. In addition to the above
factors, adequate flexibility and fluidity of surfactants should be
considered to support the formation of nanoemulsions.

Advantages of nanoemulsions®#>

Nanoemulsions enhance drug bioavailability, are non-irritant,
non-toxic, and physically stable, and improve drug absorption
due to their high surface area and small droplets size.
Nanoemulsions can also be formulated in different formulations,
dissolve lipophilic drugs, require less amount of energy, and
promote taste masking.

Disadvantages of nanoemulsions>#%

Nanoemulsions require the addition of large amounts of
surfactants and cosurfactants to maintain their stability;
they have a limited capacity to solubilize high-melting-point
substances. In addition, the toxicity of surfactants should be
considered, and different environmental parameters can affect
nanoemulsion stability. Table 2 summarizes the advantages and
disadvantages of nanoemulsions and several of their physical
properties.

Cationic oil-in-water nanoemulsion

Cationic nanoemulsions are preparations that utilize cationic
surfactants, which concentrate around the surface of oil
droplets to make them positively charged. Owing to the
negative nature of the ocular surface, cationic nanoemulsions
can improve the residence period of the product in the
eye through the electrostatic interaction with the opposite
charges of the eye surface mucus layer. Therefore, cationic
nanoemulsions probably improve therapeutic efficacy due
to an increase in the retention time at the ocular surface.?>%
Cationic surfactants should have an adequate lipophilicity to

be taken in by oil droplets, with a very small amount present
in the aqueous phase. These preparations show an important
role in prolonging the residence time of drugs on the ocular
tissue, which is greater than that observed in anionic oil/
water nanoemulsions. In addition to their important biological
effects, cationic surfactants can stabilize nanoemulsions and
prolong their shelf life through preventing the coalescence of
oil droplets (Figure 3) due to their repulsive force.*“ Table 3
summarizes several important physicochemical features of a
cationic oil/water nanoemulsion.

Thereasonbehindthediscovery of these cationic nanoemulsions
is that different attempts that had been made to extend drug
residence time at the ocular surface; the use of excipients
with bioadhesive and viscosity enhancement properties, such
as cellulose derivatives and propylene glycol, are associated
with problems, including ocular disturbance; excipients are
only applicable to hydrophilic drugs; in addition, many lipophilic
drugs formulated as topical ocular oily or micellar solutions,
ointments, and creams are not only uncomfortable to the patient
but also show restricted efficacy.*

Protective properties of cationic oil-in-water nanoemulsion
vehicle

Regarding lipophilic drugs, the application of cationic
nanoemulsions to increase ocular bioavailability through
prolonging the drug residence time and spreading properties
is accompanied by surprising valuable effects on the ocular
surface.®

By mixing the oil phase in cationic oil/water nanoemulsions
with the lipid layer of the tear film, water evaporation from the

Surfactant

Stabilizes the Interface

Cationic agent

Figure 3. Schematic of one of the oil nanodroplets present in the cationic
oil-in-water nanoemulsion®

Table 2. Advantages, disadvantages, and several properties of nanoemulsions

Advantages Disadvantages

Other properties

Carrier of hydrophobic drugs

Requires large amount of surfactant and cosurfactant

Translucent/translucent system

Improves bioavailability of drugs

Low capability to solubilize high-melting-point drugs

High surface area/small droplet size

Good shelf stability

Low stability especially in acidic condition

Liquid morphology

Toxicologically safe

Toxicity of surfactants and cosufractants is possible

Has benefit to mask taste
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Table 3. Summary of the physicochemical characteristics of a cationic oil-in-water nanoemulsion®®

Parameter Description

Aspect White opaque to slightly translucent
pH 5.0-7.0

Osmolality (mOsmol/kg) 270

Droplet size (nm) <200

Zeta potential (Mv)

Positive (+40)

Sterility

Sterile

aqueous phase is reduced, which can promote the restoration of
the lacrimal film integrity and maintenance of product stability.
Such benefits are important for patients suffering from short
tear-film breakup time due to lipid deficiency in their tears
(meibomian disease). Nanoemulsions are also important in the
treatment of keratitis and in the reduction of dry eye disease
symptoms by their capability to mechanically stabilize the tear
film and increase the hypo-osmolarity of the aqueous film given
that hyperosmolarity is a proinflammatory factor. In addition,
these preparations have unexpected beneficial effects in the
wound healing process by reducing the size of the scraped
area. 84

Choice of cationic agent

A high zeta potential of nanoemulsions is one of the most
important factors to be considered before selecting a cationic
agent. The entire cationic agent must be trapped in oil
nanodroplets, with the positive charge positioned at the oilwater
interface, to obtain a high zeta potential; a very small amount
of these agents may exist in the aqueous phase, therefore
requiring a high-lipophilicity cationic agent.”

The selection of cationic agent must be limited to those
that have been previously registered, used in ophthalmic
products, or submitted to the United States or European
pharmacopoeia. Given the large numbers of cationic agents,
such as stearylamine, oleylamine, polyethylenimine, polylysine,
and benzalkonium chloride derivatives, not all of them can be
selected due to their related toxicity.”**° Figure 4 (presented
with personal permission from Jean-Sébastien Garrigue)
shows a drawing of the phase spreading of diverse alkyl
derivatives of benzalkonium chloride in (a) emulsion and (b)
aqueous solution.*®

Stearylamine is one of the most commonly used cationic
agents. However, this primary amine is very reactive to
various excipients. Thus, this compound is not described in
pharmacopoeias. Oleylamine is a cationic lipid that has been
used for manufacturing ophthalmic nanoemulsions; however, it
has as stability problem owing to the existence of unsaturated
sites in the aliphatic chain and the function of its primary
amine .4

Additional cationic molecules that are used for DNA
transfection, such as polyethylimine and poly-L-lysine, are

Benzalkonium chloride in emulsion
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Benzalkonium chloride in solution

Figure 4. lllustration of the phase distribution for the different alkyl
derivatives of benzalkonium chloride in (a) emulsion and (b) aqueous
solution®®

also used for cationic drug delivery systems; they are used in
various nanoparticles as cationic agents, but several authors
regard them as extremely toxic.>

Quaternary ammonium compounds, such as benzalkonium

chloride, benzododecinium bromide, and cetrimide, are
preservatives that have surfactant properties and provide
nanoemulsions with a positive charge. Their preservative action
is due to their capability to bind negatively charged bacteria

and mycoplasma, which destroys their membrane. As a result,
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their action is not only limited to microorganisms but also
the epithelial cell lining of the ocular surface via an identical
mechanism; in addition, the preservative action of these agents
is neutralized by the emulsion because less amount of these
agents is present freely in the aqueous medium, which limits
their antimicrobial action and results in a toxic effect.>

EVALUATION OF OPHTHALMIC NANOEMULSION

Parameters for evaluation

Zeta potential

Zeta potential is the measurement of charge repulsion among
oil nanodroplets. This variable is one of the most important
parameters affecting the dispersed system stability. A high zeta
potential results in a stable nanoemulsion. Its value depends
on the differences between the electrical potential of the
dispersion medium and the stationary layer of fluid close to the
dispersed oil nanodroplets.5°5

The optimum zeta potential range is between +20 mV and +40
mV.5

Refractive index

The refractive index can be determined by using an Abbes
refractometer. This index is used to determine any probable
impairment of vision or distress after the administration of an
eye drop.>®%® The refractive index for the tear fluid is 1.340 to
1.360. Eye drops must have refractive index values not higher
than 1.476.%

Percentage transmittance

The percentage transmittance can be measured by a
spectrophotometer®®% at a specific wavelength with distilled
water as a blank. The formulated nanoemulsion is considered
transparent if the percentage transmittance is more than 99%.

pH

The pH can be measured by using a pH meter, and the pH of
nanoemulsions should be about 7.2+0.2 for maximum comfort.
When the pH of the instilled solution is different from the tear
pH, it results in discomfort and irritant effect, which depends on
the contact period with the eye surface, solution composition,
volume instilled, and buffering capacity. However, in most
cases in which the preparation is not buffered or only slightly
buffered, a nanoemulsion with a different pH can be tolerated
because the tear pH can be adjusted to physiological levels; the
accepted pH of preparations is between 3.5-8.5.5%

Surface tension

The tear film becomes damaged when the surface tension of
eye drops is greatly lower than that of the lachrymal fluid (40-
50 mN/m).®°

Rheological measurement

The influence of an ophthalmic preparation on the normal tear
behavior should be as minimal as possible; a less viscous

preparation allows limited blinking pain and good tolerance,
whereas a more viscous one can improve the residence time
of the drug and ocular bioavailability; the viscosity of eye drops
should not be more than 20 mPa s.608

Osmolality

The lacrimal fluid osmolality is between 280-293 mOsm/kg.
However, when the eye is opened, the osmolality is between
231-446 mOsm/kg due to evaporation. When the osmolality
of a solution is less than 100 or greater than 640 mOsm/kg,
the preparation will irritate the eye. However, the osmolality
is reestablished 1-2 min after the instillation of a non-isotonic
solution.®?

Ocular irritation study

These studies should ensure that corneal integrity and structure
are not affected.®2¢®

Thermodynamic stability studies

These studies involve subjecting the nanoemulsion formulation
to six cycles between 4°C and 45°C. Then, the stable
formulations are exposed to centrifugation test at about 3500
rpm; formulations that do not display phase separation will
be obtained for the freeze-thaw stress test; during this test,
the formulation is exposed to three freeze-thaw cycles under
standard laboratory conditions.>%4

Analysis of droplet size

The droplet size is measured using a diffusion method, a
particle size analyzer, light scattering, and LS 230. In addition,
droplet sizes can be measured via correlation spectroscopy and
transmission electron microscopy.®

Viscosity measurement
Viscosity can be determined by using a rotary viscometer at
different temperatures.®

Dilution test

This test ensures that the stability of an ophthalmic
nanoemulsion remains unchanged its after dilution; it involves
the addition of the aqueous phase to the nanoemulsion without
showing any problem.3

Drug content

A predetermined weight of nanoemulsion is extracted
by dissolving it in an appropriate solvent, which is then
investigated using a spectrophotometer or high-performance
liquid chromatograph.>

Polydispersity

This test is performed to determine the droplet size uniformity
using a spectrophotometer; the greater the polydispersity, the
lesser the uniformity of droplet size.®

Cytotoxicity test

This test examines the effects of a preparation on a certain
culture of mammalian cells.®¢
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Examples of ophthalmic nanoemulsion studies and new products
Nanoemulsions are promising for ophthalmic disease treatment.
Thus, diverse studies cover the use of nanoemulsions as
ophthalmic drug delivery vehicles, as summarized in Table 4.
When formulated as nanoemulsions, drugs, such as timolol,
dexamethasone, indomethacin, levobunolol, pilocarpine, and
chloramphenicol, exhibit preferred advantages over other
traditional formulations (Table 4). Moreover, a number of
nanoemulsion products are available either on the market,
such as Restasis® (Allergan company) which is used as a
nanoemulsion formulation for dry eye disease, or in clinical
trials (brimonidine tartrate eye drops for dry eye disease under
phase Ill). All these new examples are shown in Table 5.68¢

CONCLUSION

Owing to the innovation of nanoformulations, which is preferred
over the systemic route, a significant improvement has been
achieved in ocular disease therapy. Heating and/or mixing must

be used in the preparation of nanoemulsions, whereas phase
separation may occur after preparation. Thus, nanoemulsions
are thermodynamically less stable than microemulsions.

The translucent appearance of nanoemulsions is due to
a droplet size of less than 100 nm. As a result of this small
droplet size, nanoemulsions exist as thermodynamically
unstable dispersion. A high concentration of surfactants is
required, resulting in the sticky texture of the formulation.
A yellowish appearance and rancid odor occur after storage
due to the presence of phospholipids, which are generally
used to stabilize nanoemulsions. Nanoemulsions are easily
manufactured system prepared by methods which may or may
not rely on energy.

Unlike traditional ocular solutions and suspensions, which
have considerable bioavailability and require frequent dosing,
nanoemulsions have huge potential in enhancing bioavailability
and reducing the frequency of drug administration. Surfactants

Table 4. Studies of several ophthalmic nanoemulsion formulations with types of surfactants and cosurfactants and oil used®®

S. no. Drug Surfactants and co-surfactants oil Comment
Nanoemulsion bioavailability in aqueous
1 Timolol Lecithin Isopropyl myristate humour was 3.5 times more than Timolol
alone.
Enhanced ocular bioavailability (about three
. times compared with the conventional dosage
2
Dexamethasone  Cremophor EL, ropyleneglycol, Isopropyl myristate form) and sustained effect of drug without
ocular irritation.
Significant increase in corneal permeability
compared with the marketed formulation
3 Indomethacin Phospholipids miranol-MHT MCT (Indocollyre®) and showed almost 4 times
corneal permeability coefficient without
toxicity in ex vivo studies.
i . Improved in vitro permeability with a reservoir
4 Levobunolol Lecithin, glycerol Soybean oil
effect.
Macrogol 1500- Enhanced ocular bioavailability of up to 1.68
S Pilocarpine glyceroltriricinoleate, Isopropyl myristate times with sustained effect and no ocular
6PEG 200, propylene glycol, toxicity in comparison with aqueous solutions.
. Improved stability in nanoemulsion formulation
Isopropyl palmitate and . . .
. Span20, Span80, . in comparison to conventional system
6 Chloramphenicol isopropyl o .
Tween20, Tween80 myristate as chloramphenicol is relatively prone to

degradation in conventional dosage form.

Table 5. Ophthalmic nanoemulsions products®

Nanoemulsions in the market for ophthalmic disease treatment

Trade name Drugs Formulation Disease Company
Restasis® 0.05% cyclosporin A Nanoemulsion Dry eye disease Allergan
Cyclokat® 0.1% cyclosporin A Cationic nanoemulsion Dry eye disease Santen pharmaceuticals

Nanoemulsion under clinical trials for ophthalmic disease treatment

Products Administration method Disease

Trial Phase

Brimonidine tartrate Eye drops

Dry eye disease

NCTO3785340 I
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and cosurfactants are important constituents of nanoemulsions
and should be carefully selected. Their concentrations should
be high enough to obtain ultra-low interfacial tension.

However, their toxicity presents a concern. In addition, cationic
surfactants can be utilized to increase the product residence
time on the eye. Accordingly, the use of nanoemulsion systems
for topical ocular therapeutics can overcome the problem of
multiple daily doses of traditional ocular therapy and improve
patient compliance. To date, increasing interest surrounds
nanoformulation studies, and the growing literature in this field
is causing a great shift in the management of eye diseases,
with the creation of successful products on the market and in
clinical trials.
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