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INSTRUCTIONS TO AUTHORS

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

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

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

The publication language of the journal is English.

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

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

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

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

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

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

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

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

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

The Review Process

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

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

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

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

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

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

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

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

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

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

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

GENERAL GUIDELINES

Manuscripts can only be submitted electronically through the Journal
Agent website (http://journalagent.com/tjps/) after creating an account.
This system allows online submission and review.
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Format: Manuscripts should be prepared using Microsoft Word, size A4
with 2.5 cm margins on all sides, 12 pt Arial font and 1.5 line spacing.

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

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

ETHICS COMMITTEE APPROVAL

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

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

SIMILARITY

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

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

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

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

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

Reference Format

INSTRUCTIONS TO AUTHORS

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

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

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

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

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

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

TABLES, GRAPHICS, FIGURES, AND IMAGES

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

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

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

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

MANUSCRIPT TYPES
Original Articles

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

Title Page: This page should include the title of the manuscript, short
title, name(s) of the authors and author information. The following
descriptions should be stated in the given order:
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INSTRUCTIONS TO AUTHORS

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

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

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

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

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

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

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

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

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

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

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

Original research articles should have the following sections:

Introduction: Should consist of a brief explanation of the topic and
indicate the objective of the study, supported by information from the
literature.

Materials and Methods: The study plan should be clearly described,
indicating whether the study is randomized or not, whether it is
retrospective or prospective, the number of trials, the characteristics,
and the statistical methods used.

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

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

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

Conclusion: The conclusion of the study should be highlighted.

Acknowledgements: Any technical or financial support or editorial
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Knowledge and Attitudes Among Hospital
Pharmacists About COVID-19

Hastane Eczacilarinin COVID-19 Konusunda Bilgi ve Tutumlari

© Emre KARAT*, ® Kutay DEMIRKAN!, @ Serhat UNAL2

THacettepe University Faculty of Pharmacy, Department of Clinical Pharmacy, Ankara, Turkey
2Hacettepe University Faculty of Medicine, Department of Infectious Diseases and Clinical Microbiology, Ankara, Turkey

ABSTRACT

Objectives: Coronavirus (COVID-19) cases and deaths related to the virus have been reported all over the world. Pharmacists play an important
role in conveying accurate information about COVID-19 to the community. The aim of this study was to evaluate the knowledge and attitudes among
hospital pharmacists about COVID-19.

Materials and Methods: A questionnaire was distributed to pharmacists participating in the 7" National Hospital and Institution Pharmacists
Congress. The questions included in this questionnaire were created using the Turkish COVID-19 Scientific Committee guideline (COVID-19
Guideline).

Results: Analysis of 237 questionnaires (72.6% completed by women) showed that the media (television, newspaper), internet (nonscientific
resources), internet (scientific resources), and social media were the most popular sources of information (60.3%, 53.6%, 53.2%, and 41.4%,
respectively). The participants’ age and the source of information that they used had an important influence on their knowledge of and attitudes
towards COVID-19 infection. The majority of the participants (72.6%) stated that they were not wearing any kind of mask. Transmission of the
disease by airborne route was well known by the participants (91.1%), as well as the main symptoms such as fever (92.4%), cough (84.4%), and
dyspnea (60.3%). The participants were aware of the risk groups for COVID-19 infection such as advanced age (84.8%) and having comorbidities
(80.2%). Washing hands with soap (92.0%), using hand disinfectants (80.6%), and avoiding contact with sick people (81.9%) were popular answers
for protection from the disease, but wearing an N95 mask was also mentioned by 59.1% of the participants. Prevention of the disease by rinsing the
nose with saline solution was believed in by 43.9% of the participants.

Conclusion: Classical media and social media affect the attitudes of both the public and health professionals. Using media tools for accurate
information is one of the basic conditions for preventing and controlling the spread of the disease.

Key words: COVID-19, hospital pharmacists, knowledge, attitudes
OZ |

Amag: Tum dunyada Koronaviriis (COVID-19), olgulari ve bu hastaliga bagli 6lumler bildirilmistir. Bir saglik uzmani olarak eczacilar COVID-19
hakkinda dogru bilgilerin topluma iletilmesinde 6nemli rol Ustlenmektedir. Bu galismada hastane eczacilarinin COVID-19 hakkindaki bilgi ve
tutumlarinin degerlendirilmesi amaglanmistir.

Gereg ve Yontemler: Calisma kapsaminda 7. Ulusal Hastane ve Kurum Eczacilari Kongresi'ne katilan hastane eczacilarina bir anket uygulandi. Bu
ankette yer alan sorular, Turkiye COVID-19 Bilim Kurulu Kilavuzu (COVID-19 Kilavuzu) kullanilarak olusturulmustur.

Bulgular: Calismada %72,6'si kadin olmak tzere toplam 237 katilimciya ait anket degerlendirilmistir. Katilimcilarin sirasiyla %60,3, %53,6, %53,2 ve
%41,4'Unun bilgi kaynagi olarak en gcok medyayi (televizyon, gazete), internet (bilimsel kaynaklar), interneti (bilimsel olmayan kaynaklar) ve sosyal
medyayi kullandigi saptanmistir. Katiimcilarin COVID-19 ile ilgili bilgi ve tutumlarinda yasin ve kullandiklari bilgi kaynaklarinin 6nemli etkisinin oldugu
belirlenmistir. Katiimcilarin %72,6's1 korunma amagli cerrahi maske kullanmadigini bildirmistir. Katiimcilarin, hastaligin damlacikla bulastigi (%91,
ve hastaligin genel semptomlari (ates; %92,4, ksurik; %84,4, solunum giglugld %60,3) konularinda bilgi sahibi olduklari gérilmustar. Katiimcilarin
geneli tarafindan, ileri yasin (%84,8) ve eslik eden hastaliklarin (%80,2) COVID-19 igin risk faktort oldugunun bilindigi saptanmistir. Hastaliktan
korunmak igin ellerin sabunla yikanmasi (%92,0), el dezenfektani kullanilmasi (%80,6), hasta kisilerle temasin &nlenmesi (%81,9) siklikla belirtilen
cevaplar arasinda yer alsa da, katiimcilarin %59,1'i N95 maske kullaniminin da gerekli oldugunu belirtmistir. Katiimcilarin %43,9'unun tuzlu su ile
burnu yikamanin, hastaligi 6nlemede etkili olduguna inandigi gorilmustur.

Sonug: Klasik medya ve sosyal medya toplumun ve saglik profesyonellerinin tutumlarini etkilemektedir. Dogru bilginin saglanmasi igin medya
araglarini kullanmak, hastaligin yayilmasini énlemek ve kontrol etmek igin énemlidir.

Anahtar kelimeler: COVID-19, hastane eczacilari, bilgi, tutum
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INTRODUCTION

In December 2019, a new, severe pneumonia outbreak occurred
in Wuhan, China and a new coronavirus was identified as the
pathogen responsible. First, this virus was named 2019 Novel
Coronavirus and later Severe Acute Respiratory Syndrome -
Coronavirus-2 (SARS-COV-2), and the disease caused by this
virus has been named Coronavirus Disease 2019 (COVID-19)!

Positive cases of COVID-19 and deaths due to this virus
have been reported in almost every country in the world.?
Coronaviruses are a family of viruses that can cause mild
diseases, such as the common cold, and more serious diseases,
such as Middle East Respiratory syndrome (MERS) - COV or
SARS-COV. SARS-COV-2, which is currently the cause of a
pandemic and was the subject of this survey, is a virus from
this family. Coronaviruses are mainly zoonotic and can cause
disease in humans as a result of transmission from animals.?

The most common symptoms of infection are fever, cough,
and dyspnea. In more serious cases pneumonia, severe acute
respiratory syndrome, kidney failure, and death may develop.*
The available data show that the rate of fatal cases is not very
high in the young population.® However, older people (over 60
years) and people with comorbidities (such as diabetes and
heart disease) may be more vulnerable and mortality can be
high in this population.®

So far, there is no specific, effective, proven, pharmacological
treatment or prophylaxis. Although no vaccine or drug has been
developed for this infection, it has been suggested that some
existing drugs can be used for treatment.®

As healthcare professionals, pharmacists play an important
role in conveying accurate information about COVID-19 to the
community. The aim of the present study was to evaluate the
knowledge and attitudes among hospital pharmacists about
COVID-19.

MATERIALS AND METHODS

A two-page self-structured questionnaire consisting of 22
multiple-choice and/or open-ended questions was distributed
to pharmacists participating in the 7" National Hospital and
Institution Pharmacists Congress held between 4 and 7 March
2020 in Turkey. The first positive COVID-19 case in Turkey was
identified on 10 March 2020, and therefore no known COVID-19
case existed in Turkey during the period of the study. Moreover,
none of the presentations at the congress were related to
COVID-19 infection. There are 2747 hospital pharmacists in
Turkey.” The sample size for this study was calculated as 155
people with an 80% confidence level and a 5% margin of error.
The questionnaire was distributed to the participants who
attended the first session on the 2™ day of the congress. At the
end of the session, the questionnaires were collected from the
participants.

The questions included in this questionnaire were created
using the guideline (COVID-19 Guideline) created by the Turkish
COVID-19 Scientific Committee and the COVID-19 information
on the Ministry of Health website (https://hsgm.saglik.gov.tr/tr/
bulasici-hastaliklar/2019-n-cov.htm0.

The questionnaire did not include the first name or surname
of the participants, and the data were obtained anonymously.
Age, sex, duration (years) of work in the profession, and job
titte were collected as demographic data. The participants’
flu vaccination status was enquired about to evaluate their
attitudes on protection from infection. The names of the two
coronaviruses that had previously caused significant outbreaks
were asked about to understand their interest in the issue (open-
ended questions with no options). Fifteen other multiple-choice
questions were asked about sources of information, knowledge,
thoughts, and attitudes about COVID-19. The participants were
instructed to choose only one answer for some of the questions
(n=4) and more than one answer for the others (n=8). There
were also 5 true/false questions. “Other” was provided as a
choice for each question and an explanation was expected if
this option was marked. Answers to the other options are given
in brackets in the results.

Statistical analysis

The results obtained were analyzed using IBM SPSS Statistics
for MacOS, version 23.0 (IBM Corp., Armonk, NY, USA).
Percentage, average and standard deviation, median, and
minimum-maximum were used for the descriptive data. A chi-
square test was used to compare categorical variables. A 95%
confidence interval was applied to examine the change in data
and p<0.05 was considered statistically significant for all tests.

RESULTS

A total of 550 pharmacists participated in the congress and
440 (80%) of them were hospital pharmacists. Approximately
300 questionnaires were distributed to participants during the
session. The questionnaire was filled out by 268 participants.
Thirty one questionnaires were excluded because either
the participants were not pharmacists (n=2) or not hospital
pharmacists (n=24) or due to incomplete data (n=5). Thus the
analysis was performed with a total of 237 questionnaires.

Table 1. Demographic characteristics of the participants

Parameters n (%)
Female 172 (72.6)
Sex
Male 65 (27.4)
20-29 years 80 (33.8)
30-39 years 79 (33.3)
Age 40-49 years 54 (22.8)
50-59 years 18 (7.6)
260 years 6 (2.3)
{5 years T4 (31.2)
How many years have you 5-10 years 48 (20.3)
been working? 11-20 years 62 (26.2)
20 years and older 53 (22.4)
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The majority of the participants were women (n=172, 72.6%)
and between the ages of 20 and 39 (n=159, 67.8%) (Table 1.
Only 6.8% (n=16) of the participants stated that they were
vaccinated for influenza every year and 5.1% (n=12) stated that
they had been vaccinated for influenza this year.

SARS-CoV was given as an answer by 157 (66.2%) participants
and MERS-CoV by 99 (41.8%) to the question “What are the two
coronaviruses that previously caused important epidemics?”
Other answers were HINT (swine flu) (n=33, 13.9%), H5N1
(bird flu) (n=13, 5.5%), Ebola (n=11, 4.6%), Influenza (n=3, 1.3%),
HCoV-229E (n=2, 0.8%), HCoV-0C43 (n=1, 0.4%), and H2N2
(n=1, 0.4%). The majority of the participants (139 out of 232,
59.9%) stated that they had a fear of being infected with SARS-
CoV-2. Only 43 out of 216 (18.1%) participants reported that
there is an effective antiviral drug against COVID-19 disease.

The answers given by participants to the COVID-19 questionnaire
are given in Tables 2, 3, and 4.

Participants’ knowledge and attitudes towards COVID-19
infection were compared according to the source of information
from which they learned about COVID-19 infection and

Table 2. Questions on knowledge about COVID-19 disease

Questions Answers* n (%)

When the air
temperature rises

87 (39.2)

statistically significant findings were detected only regarding
the issues given below.

When the attitudes of ‘the participants that obtained information
through social media’ and ‘those that did not" were compared,
statistically significant differences were determined in the
following:

e Their behavior regarding wearing a mask in crowded
environments (14.5% and 5.3%, respectively; p=0.016);

e Their knowledge about transmission of the disease through
kissing (61.2% and 43.9%, respectively; p=0.012) and through
blood (19.4% and 8.6%, respectively; p=0.019);

e Their knowledge of prevention of the disease by rinsing the
nose with saline solution (54.1% and 36.7%, respectively;
p=0.011) and eating mulberry molasses (71% and 1.4%,
respectively; p=0.035);

* Their belief in protection from the disease by wearing N95
masks (69.4% and 51.8%, respectively; p=0.007), protective
eyeglasses (32.7% and 18.0%, respectively; p=0.015), and
medical gloves (48.0% and 31.7%, respectively; p=0.014).

When the attitudes of ‘the participants that used the internet
(scientific resources) as an information source’ and ‘those that
did not’ were compared, statistically significant differences
were detected in the following:

e Their belief in transmission of COVID-19 by shipments from

Within 1-2 months 34 (15.3) China (42.7% and 58.9%, respectively; p=0.021);
6 months to 1 year 66 (29.7) e Their behavior in protection from the disease by washing
0 o) i .
When will the outbreak L hands more than before (91.3% and 77.5%, respectively;
Within 1-2 years 18 (8.1) . . N o
end? (n=222) p=0.004), wearing a mask on public transport (11.9% and 2.7%,
Within 2-5 years 10 (4.9 respectively; p=0.012), wearing a mask while traveling (14.3%
Within 5-10 years 1(0.5) and 5.4%, respectively; p=0.030), and wearing a mask in
1 (o) (o) i .
After 10 years 301.4) crowded enV|ronm~ents (15.9% and 1.8%, respectively; p~(0~.001).
— However, respectively 62.7% and 83.8% of the participants
Other (it willnotend) 3014 stated that they were not wearing a mask at all (p<0.001).
It is not known clearly 112 (52.8) -
Table 3. The approach of the participants to true/false knowledge
Bats 78 (36.8) questions about COVID-19
What is the first source of .
Proposal True, n (%) False, n (%)
the infection? (n=212) Pangolins 1900 -
Humans 3 (1.4) Coronaviruses are zoonotic viruses,
mainly causing infection in animals 161 (70.6) 67 (29.4)
Camels 0(0.0) (n=228)
(2 days 209 COVID-19 is a vaccine-preventable
How long is the incubation = .14 days 176 (80.0) disease (n=226) 102450 124 (34.9)
period of the disease? ]
(n=220) 15-28 days 41(18.6) CnOt\i/rIDt;l)‘iifardbri trse?r:?gzv;l)th 109 (48.9) 14 1D
»28 days 1(0.5) antiretrovira drugs In=
In this country, the necessary facilities
0-1% 21(10.0)
i are available to diagnose COVID-19 160 (69.9) 69 (30.)
11-5% 127 (60.8) (n=229)
What is the mortality rate . o
from COVID-19? (n=209) 5.1-10% 45 (21.5) jl'herells a possibility of SARS-COV-2
101-25% 1361 infection from packages or products 89 (38.7) 141 (61.3)
: : from China (n=230)
225% 31.4)

*: Only one option was chosen, COVID: Coronavirus Disease

COVID: Coronavirus Disease, SARS-COV-2: Severe Acute Respiratory Syndrome
Coronavirus-2
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Table 4. Questions on knowledge and attitudes about COVID-19 Table 4. Continue

disease

Washing hands with soap 218 (92.0)

Questions Ansv.vers n (%) Avoiding contact with sick people 194 (81.9)
Media (TV. ”ew.Spa_pf"r) 143 (609 Using hand disinfectant 191 (80.6)
Internet (nonsue-ntlflc resources) 127 (53.6) Wearing an N95 mask 140 (591)

' Internet (scientific resources) 126 (53.2) Whl('Zh should be Wearing medical gloves 91 (38.4)

From which Social media 98 (41.4) applied to protect : :

source(s) did - — - from COVID-19? Wearing a surgical mask 89 (37.6)

you learn about Ed-ucatlonal/‘smentlflc meeting 66 (27.8) Covering the nose and mouth 82 (34.6)

COVID-19? Friends/family 30 (12.7) with tissue paper
Courses 2(0.8) Wearing protective eyeglasses 58 (24.5)

I did not get information 1(0.4) Wearing protective clothing 58 (24.5)
Other (ministry announcements)  1(0.4) Rinsing the nose with saline 104 (43.9)
| do not 172 (72.6) solution

While traveling 24 (100 Using vinegar 51 (21.5)
In crowded environments 22 (9.3) Using ginger 240D

Do you wear In the workplace 21(8.9) Using turmeric 239N

a mask for . .

COVID-19? On public transport 18 (7.6) Which can Using echinacea 22 (93)
While walking in the streets 1(0.4) prevent Eating mulberry molasses 938

197 .
| always wear one 1(0.4) covip-197 Using pomegranate peel 7@.0
Every time | leave home 0(0.0) Other (alkaline disinfectants, 12.(5.1)
. . . vaccination, vitamin C, drinking
It is transmitted by airborne route 216 (91.1) plenty of liquid, ethanol, drinking
Kissing 121 (311 warm water, black elderberry,
heep’s head and foot

In which way(s) ~ Shaking hands 89 (37.6) Sheep's head and foot soup,

is COVID-19 Iti itted by blood 313131 COLoBNe, PIOPOL)

transmitted? ts transmitted by bloo : | wash my hands more than 201 (84.8)
By sexual intercourse 23 (9.7 before
From mother to baby during 21(8.9) ) I try to touch less frequently 172 (72.6)
childbirth What acftlons 4o where other people touch

ou perform to
Fever 219 (92.4) :;rotsa against I try to stay away from people 153 (64.6)
Cough 200 (84.4) COVID-19? coughing
Dyspnea 143 (60.3) | go to shopping malls less 113 (47.7)
Pneumonia 91 (38.4) | reduce my use of public 106 (44.7)
H t tati

Whattls trze) f Runny nose 64 (27.0) ransporation

symptom(s) o - | participate less in indoor 84 (35.4)

the infection? Sudden loss of consciousness 24 (10D activities such as theater and
Diarrhea 15 (6.3) cinema
Kidney failure 10 (4.2) | cancel meetings and activities 40 (16.9)
Bleeding 4 (17) with my friends
Other (nausea) 100.4) *: More than one option was chosen, COVID: Coronavirus Disease
Elderly 201 (84.8)

People with comorbidities such 190 (80.2) Statistically significant differences were also detected in the
as asthma, diabetes, and heart comparison of the attitudes and knowledge of ‘the participants

Who is more disease that obtained information from family/friends” and ‘those that

affected by Children 70 (29.5) did not’ in some points such as:

COVID-19? Pregnant women 48 (20.3) e Their knowledge about prevention of the disease by eating
Young adults 730 mulberry molasses (13.3% and 2.4%, respectively; p=0.017);
_Ot;e_rd(imlm)unocompromised 2(0.8) e Their knowledge on the protective role of wearing a surgical
individuals

mask (66.7% and 33.3%, respectively; p=0.001), protective
eyeglasses (40.0% and 22.2%, respectively; p=0.042), and
protective clothing (50.0% and 20.8%, respectively; p=0.001).
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When the attitudes of ‘the participants that obtained information
from educational/scientific meetings’ and ‘those that did not’
were compared, statistically significant differences were
detected in their knowledge about the protective role of washing
hands (98.5% and 89.5%, respectively; p=0.029) and wearing a
surgical mask (51.5% and 32.2%, respectively; p=0.007).

When attitudes of ‘the participants that used the Internet
(nonscientific resources) to obtain information about COVID-19'
and ‘those that did not" were compared, statistically significant
differences were determined in their knowledge ontransmission
of the disease through kissing (57.5% and 43.6%, respectively;
p=0.038).

When the attitudes of ‘the participants under the age of 40 years'
and ‘the participants over the age of 40 years’ were compared,
statistically significant differences were detected in some
points such as their belief in the protective role of echinacea
(13.2% and 1.3%, respectively; p=0.002), sexual transmission
of the infection (13.8% and 1.3%, respectively; p=0.002), and
transmission of the infection from mother to baby at birth
(13.2% and 0%, respectively; p<0.001).

When the attitudes of ‘the participants that believe COVID-19
is transmitted by airborne route’” and ‘those that do not" were
compared, statistically significant differences were determined
only in the following:

e Their belief in protection from the disease by washing
hands with soap (96.8% and 42.9%, respectively; p<0.001),
using hand disinfectants (84.3% and 42.9%, respectively;
p<0.001), avoiding contact with sick people (86.1% and 38.2%,
respectively; p<0.001), wearing an N95 mask (64.8% and 0%,
respectively; p<0.001), wearing medical gloves (41.7% and
4.8%, respectively; p=0.001), and wearing protective clothing
(26.4% and 4.8%, respectively; p=0.031);

e Their knowledge on prevention of the disease by rinsing the
nose with saline solution (46.8% and 14.3%, respectively;
p=0.005);

e Their actions that they implemented to protect against
COVID-19 infection such as
o canceling meetings and activities with friends (18.5% and
0%, respectively; p=0.029),
o reducing public transportation use (47.7% and 14.3%,
respectively; p=0.005),
(51.4%

o minimizing shopping mall visits and 9.5%,

respectively; p<0.001),

o minimizing indoor activities such as theater and cinema
(38.4% and 4.8%, respectively; p=0.001),

otrying to stay away from people coughing (68.5% and 23.8%,
respectively; p<0.00D),

o trying to touch less frequently where other people touch
(76.9% and 28.6%, respectively; p<0.001),

o washing hands more than before (89.8% and 33.3%,
respectively; p<0.001).

DISCUSSION

Providing information about drugs to patients, caregivers, and
healthcare professionals is one of the main responsibilities of

all pharmacists.® These days, as the number of positive cases
of COVID-19 continues to increase in this country, healthcare
professionals must have accurate and reliable information to
be able inform the public properly. Health professionals have
important roles in reducing the sense of panic in the community,
encouraging individuals to take measures without panic, and
convincing them to continue their lives by taking precautions.’

At the end of January, a survey was conducted to evaluate the
knowledge, attitudes, and practices among the public in China.
More than half of the participants included in that study were
living in the Hubei region, where the disease first appeared.
Correct answers were given to 70.2% to 98.6% of the questions
about COVID-19. People between the ages of 30 and 49, those
with higher educational status (master’s degree and above), and
students gave more right answers to the questions. The rate
of wearing a mask and level of knowledge were significantly
higher in participants living in Hubei® By the time the survey
was conducted, many people in China had been diagnosed with
COVID-19 infection and many had died from it. However, when
the questionnaire was applied in our study, no positive COVID-19
case had been diagnosed in Turkey. The first positive case was
detected 5 days later and then more educational/informational
programs organized by the Ministry of Health were shown in
the media for public awareness.

According to available data, close contacts, droplets, and aerosol
were defined as transmission routes of COVID-19. In our study,
almost all of the participants stated that it was transmitted by
airborne route. Some common traditional behaviors in Turkish
society such as hugging and kissing (on the cheeks or the
hands of the elderly) are risky sources of close contact and can
cause disease transmission.” The participants also mentioned
handshaking and kissing as transmission routes.

In the present study, the participants generally used the
media, Internet, and social media as resources. The source of
information that the participants used to learn about COVID-19
infection had an important influence on their knowledge of
and attitudes towards COVID-19 infection. The participants
that used the Internet (scientific resources) as an information
source had the right approaches especially in actions for
protection from the disease (such as washing hands more than
ever and wearing a mask on public transport, while traveling,
and in crowded environments). The participants that obtained
information from educational/scientific meetings also had the
right approaches concerning protection from the disease (such
as washing hands and wearing a surgical mask). However,
those that obtained information from family/friends had the
wrong approaches mainly regarding prevention of the disease
(such as eating mulberry molasses) and protection from the
disease (such as wearing protective eyeglasses and protective
clothing). The participants that received information through
social media had incorrect approaches, especially concerning
the transmission of the disease (such as through blood),
prevention of the disease (such as rinsing the nose with saline
and eating mulberry molasses), and protection from the disease
(such as wearing an N95 mask, protective eyeglasses, and
medical gloves). It is recommended that an N95 mask be worn
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by healthcare workers and surgical/medical masks should be
worn by patients with respiratory symptoms in public."

Some misleading information such as rinsing the nose with
saline or consumption of some foods or products (e.g., vinegar,
echinacea, and mulberry molasses) has been proposed by either
some physicians or some prominent people on TV programs
in Turkey. Even though these statements were criticized
and corrected by other physicians and experts, some of the
participants’ preference for these methods (especially rinsing
the nose with saline solution) reveals the strong influence of
the media.

In the present study, it was detected that age is another factor
that influences the participants’ knowledge of and attitudes
towards COVID-19 infection. The participants under the age
of 40 had the wrong approaches especially regarding the
protective role of echinacea and transmission routes of the
disease (such as sexually and from mother to baby at birth).

SARS-CoV and MERS-CoV diseases were known about by
approximately half of the participants, meaning that half of the
participants were not interested in this issue. The majority of
the participants believed that the pandemic would end when the
air temperature rose or within 6 months to 1 year. In the study
by Zhong et al!®, 91% of the participants indicated that COVID-19
would be successfully controlled. In the studies conducted in
the SARS-CoV epidemic, most of the participants (70.1-88.9%)
stated that the epidemic would be successfully controlled. The
fact that rapid restrictive measures were taken in the SARS-
CoV epidemic and COVID-19 pandemic in China may be the
source of this trust. While it is often thought that the first source
of infection is unknown, bats was the answer given most by
the participants. In our study, the incubation period was known
correctly by almost all of the participants as stated by Chinese
guidelines (average 7 days, ranging from 2 to 14 days).®

Although mortality rates vary between countries, almost all
the respondents stated a mortality rate of 1-10% in the present
study, which is generally correct. The case-fatality rate was
found to be 2.3% in a wide-ranging assessment in China."* The
average mortality rate is thought to be between 2% and 5%.
Coronaviruses are zoonotic viruses and, in the present study,
70% of the participants answered this question correctly.®
Although no vaccine has been discovered yet, many vaccine
studies are ongoing and COVID-19 is expected to become a
vaccine-preventable disease!*” Even though no vaccine is
currently available, nearly half of the participants in the present
study stated that COVID-19 is a vaccine-preventable disease,
which might be due to extrapolation of the knowledge of other
flu-like viral infections. Many drugs are being tried for the
treatment of COVID-19, and the effectiveness of these drugs
has been demonstrated by some observational studies.'*'® Some
of these drugs are antiretroviral drugs. In the present study,
almost half of the participants were aware of this information.

In the study by Zhong et al'®, almost all of the participants
stayed away from crowded places (96.4%) and they always
wore masks (98.0%) when they went out. Because no positive
COVID-19 cases had been diagnosed in Turkey at the time of

our study, 72.6% of the participants stated that they were not
wearing a mask.

The present study has some limitations. As it was conducted
during a congress, it was limited to the congress participants
and most of the participants were women. However, one
of the strengths of the study is that the people attending
the congress came from many different cities in Turkey and
their age distribution was homogeneous. Another limitation
is that attitudes and beliefs have not been evaluated in a
standardized way and adequately, and in-depth interviews
and multidimensional measurements may be required for this
assessment.

CONCLUSION

It is important for pharmacists to have correct information about
COVID-19 and to convey this knowledge to the public. Classical
media and social media affect the attitudes of both society and
health professionals. In addition, the high level of knowledge of
individuals also positively affects their attitudes. Using media
tools for accurate information is one of the basic conditions
for preventing and controlling the spread of the disease. In this
regard, studies evaluating the knowledge, beliefs, and attitudes
of other healthcare professionals and other segments of society
are required.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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Investigation of the Compressibility Characteristics
of Paracetamol using “Compaction Simulator”

“Compaction Simulator” Kullanilarak Parasetamollin Basilabilirlik
Ozelliklerinin incelenmesi
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Near East University Faculty of Pharmacy, Department of Pharmaceutical Technology, Nicosia, Cypus

ABSTRACT

Objectives: This study was performed to understand the behavior of poorly compressible paracetamol powder using a compaction simulator (CS),
equipment that records data during the compaction process. The aim was to investigate the compressibility of paracetamol tablets using a dry
granulation (slugging) process, with different formulation compositions.

Materials and Methods: Formulations were prepared to observe the effect on compressibility with two different lactose-based fillers, Flowlac®100
and Granulac®70, and a binder, Kollidon® K90. In each combination, a total of four formulations were prepared with paracetamol to filler ratios
of 1:1 and 0.8:1. Tablets were produced by single punch (11.28 mm) CS at six different pressures (152, 210, 263, 316, 400, and 452 MPa). During
compression, upper punch displacement and force data were produced by the CS equipment. The compressed tablets were tested for hardness,
thickness, and weight variation and compared with each other.

Results: All formulations reached maximum tensile strength at compaction pressures between 263 and 316 MPa. In the formulations without binder,
those containing Granulac®70 had higher tensile strength than those containing Flowlac®100 at both filler ratios. The results obtained indicated that
the addition of binder to the formulations (F-45-1, F-45-2, F-50-3, and F-50-4) improved the compressibility of paracetamol. Formulation F-45-2,
containing Flowlac®100 and binder, showed better compressibility at 2.9 MPa tensile strength. Data from the CS were used to compare Young's
modulus and work of compaction on selected formulations (F-45-1 and F-45-2).

Conclusion: The proposed lactose-based filler, Flowlac®100, with low pressure can be successfully applied for improving the compressibility of
paracetamol. An optimum formulation can be designed with smaller amounts of materials using a compaction simulator.

Key words: Compaction simulator, tableting, compactibility, paracetamol, alpha-lactose

OZ |

Amag: Bu galismada basim sirasinda verileri kaydeden “Compaction Simulator (CS)" cihazi kullanilarak sikisabilirlik &zellikleri zayif olan toz
parasetamolin basilabilirlik davranislari incelendi. Galismanin amaci, kuru granilasyon (slugging) yontemi ile hazirlanan farkli formilasyonlardaki
parasetamol tabletlerin basilabilirlik 6zelliklerinin incelenmesidir.

Gereg ve Yontemler: Laktoz bazli iki degisik dolgu maddesi olarak Flowlac®100 ve Granulac®70 ile baglayici olarak Kollidon®K90 kullanilarak
hazirlanan farkli formulasyonlarin basilabilirligi Gzerine bu maddelerin etkisi gozlendi. Her kombinasyon igin parasetamol: yardimci madde orani 1:1
ve 0.8:1 olan toplam 4 formiilasyon hazirlandi. Tabletler tek zimbali (11,28 mm) CS'de alti farkli basingta (152, 210, 263, 316, 400, 452 MPa) retildi.
Sikistirma sirasinda Ust zimba 6telemesi ve zimba kuvvet verileri CS cihazi giktilaridir. Basilan tabletleride sertlik, kalinlik ve agirlik sapmasi testleri
yapildi ve sonuglar birbirleri ile mukayese edildi.

Bulgular: Bitun formtlasyonlar en buylk gerilme direncine 263-316 MPa sikistirma araligindaki basingta ulastilar. Baglayici olmayan ve ayni oranda
dolgu maddesi igeren formtlasyonlarda Granulac®70 igerenler, Flowlac®100 igerenlere gére daha ytksek gerilme direnci géstermistir. Sonuglara
gore, formulasyonlara baglayici ilavesi (F-45-1, F-45-2, F-50-3 ve F-50-4), parasetamolin basilabilirligini iyilestirmistir. Flowlac®100 ve baglayici
iceren F-45-2 formulasyonu 2,9 MPa basingta daha iyi bir basilabilirlik gostermistir. CS verileri belli formulasyonlarda (F-45-1 ve F-45-2) Young
modilleri ve basim galismalari sonuglarini karsilastirmada kullaniimistir.

Sonug: Parasetamolin dustk basingta basilabilirligi laktoz bazli dolgu maddesi olan Flowlac®100 ile basariyla saglanabilmistir.

Anahtar kelimeler: Compaction simulator, tablet hazirlama, sikisabilirlik, parasetamol, alfa-laktoz
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INTRODUCTION

During the manufacture of pharmaceutical tablets, there are
certain problems that may arise, such as poor flowability,
mixing, compactibility, and compressibility, and inconsistent
die filling. The need to avert such problems in manufacturing
may include the use of different tableting methods such as
granulation.'?

Slugging, an old conventional method, is chosen for research
purposes in respect to the roller compactor, which is a more
modern and efficient method used for dry granulation (DG).

The effect of DG often results in decreased tensile strength
in tablets in comparison to other processes. This outcome is
due to the loss of binding potential, which occurs after the first
compression.’4®

The ability to transform powder into tablets involves certain
factors and these factors, such as compactibility (tensile
strength vs pressure) and other tableting measures, give a
perspective on powder tableting characteristics.'®

In the tableting process, three important stages are paramount
for understanding the characteristics of powders. The stages
are die filling (powder blends are loaded into the die under
gravity, which applies to powder flowability), compaction (where
compression is applied between two punches), and ejection
(when the tablet is ejected from the die). These three stages
determine the powder behavior and tableting parameters.”

The compaction behavior can be assessed using stress strain
graphs to obtain Young's modulus, which gives insight into the
plastic, elastic, or brittle nature of powders. Data obtained from
measurements of macroscopic dimensional variations during
the compaction cycle give information about the compressibility
and compactibility of powder material .8

In formulating a poorly compressible active ingredient, the
choice of excipient is important for the outcome. Therefore,
finding the best tableting parameters is essential for further
production and can also be used as an outline in fixing
production problems.

To understand and characterize the compaction behavior
and tableting parameters, instrumented single stations and
multistations have been widely used. As observed, powders
with good performance in a laboratory tablet press sometimes
perform differently, with problems during scale up. However,
with a compaction simulator these problems can be predicted
with data used to analyze the compaction behavior of
pharmaceutical materials. A compaction simulator provided
advantages, limitations, and modifications by using methods
such as F-D curve, tensile strength, and hardness measurement
to improve the design and development of solid dosage forms.*”°

The use of a compaction simulator as a mimicking machine
that emulates scale-up production gives real time data on
every tablet pressed. These data can be analyzed and powder
behavior and characteristics can be observed."

In the present study, data obtained from a compaction simulator
were used from an industrial perspective to determine

and evaluate the tableting parameters to obtain improved
compactibility of poorly compressible paracetamol.

MATERIALS AND METHODS

Materials

Paracetamol was used as the model drug in the present study,
USP grade (Kimetsan). Two types of lactose-based fillers from
Meggle, milled alpha-lactose monohydrate (Granulac® 70) and
spray dried lactose (Flowlac®100), were used in the formulation
at different concentrations to understand the effect of fillers on
tableting parameters using the slugging process. Stearic acid
(Kimetsan) was used as lubricant; it was kept at a constant
concentration of 2% in every formulation.

The reason for addition of a binder from BASF (Kollidon® K90)
to specific formulations was to further understand certain
variables that may influence tablet behavior during compaction.

Methods
Slugging
Tablets (slugs) were made containing API, filler, and lubricant
mixture, with ratios 1:1 and 0.8:1 (paracetamol to filler loading).
The slugs were made with a mixture of paracetamol powder
and filler (both Flowlac® 100 and Granulac® 70, at different

ratios) with the addition of 1% of the lubricants to the mixture
(Tables 1a and 1b).

The slugs were produced using an 18 mm single punch (Korsch
XP1), milled using an Erweka oscillating mill granulator, and
passed through a sieve with sieve size of 0.68 mm.

Mixing

The granules obtained from the DG slugging process were
mixed with the binder and the remaining 1% lubricant (w/w)
(according to each concentration variation in different
formulation composition and ratio).

Tableting

Formulations were compressed at different compaction
pressures: 152, 210, 263, 316, 400, and 452 MPa. Tablets were
produced with a flat-faced Euro B punch of 11.28 mm diameter
using a compaction simulator (Stylcam 200R). Tablets of eight
different formulation mixtures were pressed to understand and
characterize formulations of each compaction force.

For die filling, each powder was weighed individually using a
Mettler Toledo AB 104-S/PH analytic balance and hand-filled
in the die for compaction. From the tablets pressed, tablets
from each formulation and batch were selected randomly and
immediately characterized for weight variation and thickness.

Tensile strength
Tensile strength was calculated from crushing force (TBH 225;
Erweka) and thickness.

Tensile strength was calculated using the following equation:

2F
TS=——
niDt
where F is the crushing force in N; D the diameter and t the

thickness of the tablet, both in mm.
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Table 1a. Formulation composition with paracetamol to filler ratio 0.8:1

Formulation Paracetamol Flowlac® 100 Granulac® 70 Kollidon® K90 Stearic acid
F-45-1 45% - 51% 2% 2%
F-45-2 45% 51% - 2% 2%
F-45-3 45% - 53% - 2%
F-45-4 45% 53% - - 2%

Formulation Paracetamol Flowlac® 100 Granulac® 70 Kollidon® K90 Stearic acid
F-50-1 50% - 48% - 2%
F-50-2 50% 48% - - 2%
F-50-3 50% - 46% 2% 2%
F-50-4 50% 46% - 2% 2%
Stress-strain graph 25
A graph was obtained using both upper and lower punch 2 - .
displacement data derived from the compaction simulator. £ , . .
Young's modulus was obtained from slope of the line of the £ e 5
stress-strain graph. % ! - . S : I

E o : s
F-D curve . F45-3 W F-454 F-501 A F502 &
Compression force vs punch displacement profiles (F-D curve) ‘s ® @ B @0 B & B @ 4% 5
can be obtained in order to assess the compaction behavior Compaction pressure (MPa)

of materials and to calculate the work involved during tablet
compaction.

Statistical analysis

Analysis of variance was applied for prediction using a one-
way ANOVA model. The software package IBM SPSS Statistics
v26 was used for calculation. The level of significance was
defined as p<0.05.

RESULTS

Figure 1 shows the tensile strength for the set of formulations
with different filler types at different ratios (1:1 and 0.8:1).1213
The formulations containing Granulac®70 (F-45-3 and F-50-1)
gave higher tensile strength in comparison to those containing
Flowlac®100. The effect of the filler ratio is seen in Figure 1, with
formulations F-45-3 and F-45-4 showing better compressibility
than formulations F-50-1 and F-50-2, respectively. Granulac®
70-containing formulations improved the compressibility of
paracetamol more than Flowlac® 100-containing formulations
at both ratios. Analysis of variance indicated that both filler
ratio and filler type exert statistical significance (p<0.05).

Figure 2 shows the effect of binder on the tensile strength of
the formulations. There was an increase in the tensile strength
of all different formulation compositions. Formulation F-45-2
containing Flowlac® 100 had a higher tensile strength at lower
compaction pressure than F-45-1 containing Granulac® 70 at
a similar filler ratio (0.8:1). Flowlac® 100 had more improved
tensile strength with addition of binder in comparison to Figure
1. The significant difference (p<0.05) with a confidence level of
95% indicates clear variation with the addition of binder.

Figure 1. Effect of Flowlac® 100 and Granulac® 70 in different ratios on
tensile strength (n=3)
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Figure 2. Effect of Flowlac® 100 and Granulac® 70 composition with binder
(Kollidon® K90) on tensile strength (n=3)

In Figure 3, both tablets’ results are derived from similar
compaction conditions, having been selected from tensile
strength resulting data to be the optimum tablets from different
filler type formulation compositions. Figure 3 shows the
variation in stress-strain for F-45-1 and F-45-2. There was a
linear increase in F-45-2, but a different result was observed in
F-45-1, which takes more loading capacity to see a significant
change in the strain of F-45-1. The Young's modulus results
were given at 60 for F-45-1 and 98 for F-45-2. As calculated
from Figure 3, Young's modulus for F-45-1 is lower than that
for F-45-2, indicating that F-45-1 has greater elastic recovery.

Figure 4 shows the total of work compaction for the selected
formulations. The area under the curve shows the energy
required during the compaction process. F-45-2 is seen to
require more energy in comparison to F-45-1.
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Figure 4. Determination of energy for selected formulations (F-45-1 and
F-45-2)

DISCUSSION

As seen in the results in Figure 1, Granulac® 70 displayed
better loading capacity than Flowlac® 100. In both filler ratios,
Granulac® 70-containing formulations performed better under
higher compaction pressure. However, Flowlac® 100 had better
tensile strength at lower pressures. The particle structure
and size difference of filler affects the bonding and may show
different results under identical compaction conditions.!*™¢ All
formulations had a significant decline in tensile strength as
compaction pressures increased above 316 MPa.

Figure 2 shows the change in formulation composition with the
addition of binder. From the tensile strength results, both filler
types at ratios 1:1 and 0.8:1 improved in compressibility when
compared with the results in Figure 1. It is seen that binder effect
has a more significant impact in Flowlac® 100 than in Granulac®
70. Formulation F-50-3 containing Granulac® 70 maintained a
slightly better higher tensile strength than formulation F-50-
4 containing Flowlac® 100. This indicates the need for higher
filler loading ratio for Flowlac® 100 to exhibit proper bonding,
increasing the tensile strength. Granulac® 70, however, has
more compactibility at different loading ratios. It was observed
that with the addition of binder and tensile strength increase,
the tableting behavior of all formulations at different filler
ratios and formulation compositions had a distinctive pattern
in respect to compaction pressure. These results suggest that
lactose-based fillers may have unpredictable compression
behavior, giving more deviations when lubricated.*”

As seen in the stress-strain curve, the variation in deformation
of both formulations with similar tableting parameters may
have many reasons. A factor that may give rise to these
variations is density distribution in the tablets as a result of
stress transmission, which is dependent on internal friction,

contact powder, and lubrication.®®®2° The relationship between
Young's modulus and tablet strength is that the higher the
elastic recovery, the lower the tablet strength.??2 This can be
further supported by the results that F-45-1 has lower tensile
strength than F-45-2 because of its greater elastic recovery,
shown by higher Young's modulus. Flowlac® 100-containing
formulations showed lower elastic recovery because of its
spray-dried property, which results in harder tablets.?

Results from the F-D curve show that the work of compaction
gives a detailed assessment of the characteristics of tableting
parameters due to differences in packing characteristics of
individual formulation powders!®® Powders with different
plastic and elastic deformational properties and different
packing characteristics will absorb varying amounts of
energy,® as seen by differences in compaction energy between
formulations F-45-1 and F-45-2.

CONCLUSION

With a compaction simulator it is possible to obtain:
 the mechanical properties of powders,

e optimum tabletability profile for designed formulations,

e compaction data such as stress strain and F-D curves, which
can help in optimizing a formulation.

Granulac® 70 is seen to have better loading capacity than
Flowlac® 100. However, it needs more pressure during the
compaction process. The addition of binder has more effect on
Flowlac® 100 in improving the compressibility of paracetamol at
lower compaction pressure.

The most robust formulation, F-45-2, is selected from the set
of formulations due to its superior compaction characteristics.
Based on the information obtained from the compaction
simulator, large-scale manufacturing can be reproduced.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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Method Validation of Contact and Immersion TLC-
bioautography for Determination of Streptomycin
Sulfate in Shrimp

Karideste Streptomisin Stilfat Tayini icin Kontak ve Immersiyon ITK-
biyootografi Yonteminin Validasyonu
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ABSTRACT

Objectives: Contact and immersion thin layer chromatography (TLC)-bioautography were developed for identification and quantification of
streptomycin sulfate in shrimp.

Materials and Methods: TLC of streptomycin sulfate standard solution was carried out using silica gel F,,, and 7.5% of KH,PO, solution as stationary
and mobile phase, respectively.

Results: The retardation factor of the streptomycin sulfate standard was 0.51 and the selectivity of streptomycin sulfate was 4.1 with the presence
of kanamycin sulfate in the shrimp. The bioautography was performed with Escherichia coli ATCC 8739 as a test bacterium. The limit of detection
of streptomycin sulfate obtained by contact and immersion TLC-bioautography was 0.24 pg and 0.16 pg, respectively. Both methods showed good
linearity with an r value greater than 0.999 and a Vxo value less than 2%. The accuracy of the contact and immersion TLC-bioautography was tested
by standard addition method and the obtained percentage recovery was 86.93+1.60% and 96.42+0.65%, respectively. The coefficient of variation of
the contact and immersion TLC-bioautography was 2.39+1.79% and 0.53+0.17%, respectively.

Conclusion: The immersion TLC-bioautography was more sensitive with better recovery than the contact TLC-bioautography. In addition, immersion
TLC-bioautography was successfully employed for determination of streptomycin sulfate in shrimp.

Key words: Streptomycin sulfate, contact TLC-bioautography, immersion TLC- bioautography, shrimp

O |

Amag: Kontak ve immersiyon ince tabaka kromatografisi (ITK)-biyootografi, karideslerde streptomisin stilfatin tanimlanmasi ve miktarinin
belirlenmesi igin gelistirilmistir.

Gereg ve Yontemler: ITK, streptomisin siilfat standart ¢ézeltisi, sabit ve hareketli faz olarak sirasiyla silika jel F,.. ve %7,5 KH,PO, ¢bzeltisi kullanilarak
gergeklestirilmistir.

Bulgular: Streptomisin silfat standardinin alikonma zamani 0,51 olarak bulunmustur ve karideste kanamisin stlfat varliginda streptomisin stlfatin
segiciligi 4,1 olarak tespit edilmistir. Biyootografi, bir test bakterisi olan Escherichia coli ATCC 8739 kullanilarak yapilmistir. Kontak ve immersiyon
ITK-biyootografi ile elde edilen streptomisin silfat tayini icin sinir degerler, sirasiyla 0,24 pg ve 0,16 ug olarak bulunmustur. Her iki yéntem de r
degeri 0,999'dan biyiik ve Vxo degeri %2'den diisik olan iyi dogrusallik gdstermistir. Kontak ve immersiyon iTK-biyootografinin dogrulugu standart
ekleme yontemi ile test edildi ve elde edilen ylzde geri kazanim sirasiyla %86,93+1,60 ve %96,42+0,65 olarak bulunmustur. Kontak ve immersiyon
iTK-biyootografinin varyasyon katsayisi sirasiyla %2,39+1,79 ve %0,53+0,17'dir.

Sonug: immersiyon iTK-biyootografi, geri kazaniminin daha iyi olmasi nedeniyle kontak ITK -biyootografiden daha hassas oldugu sonucuna
varilmistir. Ek olarak, immersiyon iTK-biyootografi, karideslerde streptomisin siilfatin belirlenmesi icin basariyla kullanilmistir.

Anahtar kelimeler: Streptomisin silfat, kontak ITK-biyootografi, immersiyon iTK-biyootografi, karides
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INTRODUCTION

Shrimp is one of Indonesia’s export commodities with a
significant impact on its economy. High export demand
sometimes results in uncontrolled cultivation because farmers
generally use antibiotics to prevent fish diseases.? As regulated
by the Minister of Maritime Affairs and Fisheries in the PER
regulation number 02/MEN/2007, fishery products must be
free from drug residues, chemicals, biological materials, and
other contaminants. One of the antibiotics used by farmers
for disease prevention is streptomycin. Streptomycin is an
aminoglycoside used for treatment of infections caused by
aerobic gram-negative bacteria and is also effective against
gram-positive bacteria such as Staphylococcus aureus® In
Indonesia, streptomycin is usually used for treating bacterial
diseases in shrimp and ornamental fish.® According to the Codex
Alimentarius, the maximum residue limit for streptomycin is 600
ug/kg.® Antibiotic residues in food can be a risk to human health
because they can contribute to antibiotic resistance through the
food chain.” Therefore, a fast and perfect analysis method is
needed to detect antibiotic residues, especially streptomycin
sulfate in shrimp.

Thin layer chromatography (TLC)-bioautography is used for
determination of the level of antibiotics in complex samples
based on microbiological activities. In TLC-bioautography,
determination of antimicrobial levels is initiated by applying
antimicrobial analytes to the TLC plate followed by elution
with a suitable mobile phase. Contact TLC-bioautography was
performed by putting the TLC chromatogram plate on the surface
of the agar medium inoculated with the test bacterium and it
was left in contact with the agar medium for a certain time for
the diffusion process.® Subsequently, the chromatogram plate
was removed and incubated for 16-24 h for the growth range,
but this can be reduced to 5-6 h by spraying 2,6-dichlorophenol-
indofenol or 2,3,5-tetrazoliumchloride on the surface of the test
medium. The antimicrobial activity was determined from the
inhibitory zone around the reservoir hole on the surface agar
medium or the spot position on the TLC-bioautogram plate,
corresponding to the spots on the TLC chromatogram plate.’

Immersion bioautography is a combination of direct and contact
bioautography. The chromatograms are sprayed until the plate
is covered by test medium containing the test bacterium at a
temperature of 45 °C. The plate is then cooled to condense and
allow the diffusion process. Furthermore, the plate is incubated
at a certain temperature for a certain time, and then sprayed
with tetrazolium salt to visualize the inhibitory zone.

Antibiotic analysis in the shrimp matrix of kanamycin,®
oxytetracycline,” and streptomycin sulfate with the TLC-
bioautography contact method has been reported. However,
comparison of contact and immersion TLC-bioautography
methods in determining the levels of streptomycin in frozen
shrimp has never been reported, and so it is necessary to
conduct research to select a more effective method and provide
results that meet the validation parameters.

MATERIALS AND METHODS

Chemicals

Streptomycin sulfate and kanamycin sulfate obtained from PT
Meiji, shrimp obtained from a local market, Escherichia coli
ATCC 8739, KH,PO,, nutrient broth and nutrient agar (Oxoid),
sodium chloride p.a., methanol p.a., TLC silica gel plate
GF,., (Merck), methyl thiazole tetrazolium (Sigma Aldrich),
distilled water (Otsuka), a microliter syringe (Hamilton),
a chromatographic vessel (10x10x6 cm?), an incubator
(Memmert), calipers (Tricle brand), an autoclave (Huxley HV-
340 Speedy), a spectrophotometer (Genesis 20), and a shaker
incubator (Thermo Fisher Scientific) were used in this study.
Ethic committee approval and patient informed consent were
not required.

Preparation of growth medium

Eighteen grams of agar, 8 g of nutrient broth powder, and 1000
mL of distilled water were mixed and heated until dissolved and
homogeneous. The liquid medium was poured into a test tube
(10, 15, and 20 mL) and then covered with cotton. The medium
was sterilized by autoclaving at 121 °C for 15 min.®

Preparation of bacterial test

Escherichia coli ATCC 8739 was inoculated on agar slant
medium and incubated at 35-37 °C for 24-48 h. The bacterial
suspension was prepared by adding 10 mL of sterile saline
(NaCl 0.9%) solution to a 24 h culture and shaking by vortex
until the entire colony was removed from the surface of the
agar medium. A 25% transmittance of bacteria was measured
by spectrophotometer at a wavelength of 580 nm.

Loss on drying of shrimp samples

Loss on drying was determined according to Indonesian
Pharmacope 5" edition* Sample containers were heated at
105 °C for 30 min. The container was weighed until it reached
constant weight. One gram of each sample was weighed
carefully and put into the constant container. The samples were
then put in an oven with an open lid. Samples and the lid were
heated at 105 °C until constant weight was obtained. Loss on
drying was calculated using the equation below:

Loss on drying=(initial sample weight-final sample weight)/
initial sample weight x100%

Validation method of contact and immersion TLC-bioautography
The methods of analysis were validated for the parameters of
selectivity, limit of detection, linearity, accuracy, and precision.
The accuracy was determined using the standard addition
method.

Analysis using contact TLC-bioautography

First, 8 uL of test solution was applied to the silica gel TLC
plate F,., and then it was eluted with 7.5% KH_PO, solution as
the mobile phase. Subsequently, the TLC plate was dried and
attached to the surface of agar inoculated with Escherichia coli
in a sterile petri dish. The TLC plate was then stored in the
fridge for 1 h to allow the diffusion and stain process of the
compound to the medium. Marks were made on the side of the
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plate followed by incubation of the TLC plate at 37 °C for 24 h.
Finally, the inhibitory zone was observed and its diameter was
measured.

Analysis using immersion TLC-bioautography

First, 8 uL of test solution was applied to the silica gel TLC plate
F,., and then it was eluted with 7.5% KH,PO, solution as the
mobile phase, followed by drying of the TLC plate and it was
coated with 15 mL of inoculated Escherichia coli medium until
a thin layer was formed. The TLC plate was stored in a sterile
petri dish and then incubated at 37 °C for 16-18 h. The plates
were sprayed with methyl thiazoletetrazolium (2.5 mg/mL) and
finally a white-yellow inhibitory zone was observed.®

Statistical analysis

The analytical characteristics of the TLC-bioautography were
validated to ensure conformity to the analytical requirements
and the reliability of the results.

All the data analysis was carried out in triplicate and standard
deviation and coefficient variation values were calculated.

RESULTS AND DISCUSSION

The mobile phase, 7.5% KH,PO, solution, used to eluate
streptomycin sulfate was based on previous research.® The
(retardation factor) Rf results of the contact TLC-bioautography
of streptomycin are presented in Table 1. The Rf values met the
requirement range of 0.2-0.8. The loss on drying of the shrimp
was 9.44+1.85% (Table 2).

The selectivity was tested by spotting of streptomycin sulfate,
kanamycin sulfate standard solution, and shrimp on the F,,
silica gel TLC plate. The elution was carried out by 7.5%
KH,PO, solution. The selectivity test results of the contact TLC-

Table 1. Retardation factor of streptomycin sulfate standard

analyzed by contact TLC-bioautography

Mobile phase Concentration of streptomycin Rf
sulfate (mg/L)

7.5% KH_PO, solution 50.75 0.53
101.50 0.51
152.25 0.50
203.00 0.50
25375 0.53

Mean of Rf 0.51

Rf: Retardation factor, TLC: Thin layer chromatography

Table 2. Loss on drying of shrimp

Sample Replicate Initial Final LOD (%) Mean of
name weight (g)  weight (g) LOD (%)
Shrimp 1 1.0134 0.9187 9.34 9.44+1.85
2 1.0187 0.9204 9.65
3 1.0172 0.9240 9.32

LOD: Loss on drying

bioautography method are depicted in Figure 1 and Table 3. The
data showed the Rf and resolution (Rs) values of streptomycin
and kanamycin sulfate analyzed simultaneously using the
contact TLC-bioautography method. The Rs value was 4.1
(Rs21.5), which means that both analytes can separate well.

The detection limit was determined by the antibiotic
concentration in which activity was still seen. The minimum
inhibitory concentration (MIC) of streptomycin sulfate analyzed
using contact TLC-bioautography was 30.4 mg/L with 8 pL
of sample solution (equivalent to 0.24 pg of streptomycin),
whereas the MIC of the streptomycin analyzed by immersion
TLC-bioautography was 20.3 mg/L (equivalent to 0.16 g of
streptomycin) (Table 4).

The linearity test of streptomycin in contact and immersion
TLC-bioautography was carried out in the concentration
range 100-250 mg/L. The linearity of the streptomycin
analyzed using contact and immersion TLC-bioautography was
y=14.7212x-23.2398 (r value=0.9992) and y=12.6655x-18.5557
(r value=0.9994), respectively (Figures 2 and 3).

Accuracy and precision were tested by spotting three different
concentrations of streptomycin sulfate. The accuracy and

Figure 1. The retardation factor (Rf) of streptomycin sulfate (S) and
kanamycin sulfate (K) in shrimp (U) for the determination of resolution (Rs)
value

Table 3. Resolution value of streptomycin (s), kanamycin (k), and

shrimp (u)

Compound name Rf(S) Rf(K) Rs

Streptomycin sulfate 051 - -

Streptomycin + shrimp 052 - -

Kanamycin + streptomycin + shrimp (K+S+U) 0.50 0.21 4.1

Kanamycin - 0.24 -
Kanamycin + shrimp - 0.22 -
Kanamycin + streptomycin 052 0.24 39

Rs: Resolution, Rf: Retardation factor, S: Streptomycin sulfate, K: Kanamycin
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Table 4. Detection limit of streptomycin analyzed using contact

and immersion TLC-bioautography method

Method of TLC- Concentration Inhibitory zone  Diameter of
bioautography (mg/L) inhibitory zone
(mm)

Contact 203 - -

30.4@ + 4.90

40.6 + 6.10

50.8 + 6.70

60.9 + 8.10
Immersion 51 - -

10.2 - -

15.2 - -

20.3® + 3.50

30.4 + 4.60

@: Detection limit of streptomycin sulfate in contact TLC-bioautography, ®:
detection limit of streptomycin sulfate in immersion TLC-bioautography, TLC: Thin
layer chromatography

precision results of streptomycin sulfate analyzed by the two
methods of TLC-bioautography are shown in Tables 5 and 6,
respectively.

The contact and immersion TLC-bioautography methods
developed for the determination of streptomycin sulfate and
kanamycin sulfate were precise and reliable by only using a
single, cheap, and hazardless solvent. Based on the TLC-
bioautogram, the regression linear equation is capable of
reliably predicting analyte concentration in the range of
5-100 mg/mL and 0.1-100 mg/mL for streptomycin sulfate and
kanamycin sulfate, respectively.

CONCLUSION

The method was validated successfully and can be used to
simultaneously determine streptomycin sulfate and kanamycin
sulfate in a common market frozen shrimp. Those simple
methods are recommended for monitoring antibiotic abuse in
frozen foods, especially for streptomycin at the concentration
of 0.16 pg in the presence of kanamycin sulfate.

y = 14.7212x - 23.2398
r=0.9992

Inhibitory Zone (mm)

0 T T
281,

20, 23 24 2,5

Log of Concentration

Figure 2. Linear regression of streptomycin sulfate analyzed using contact
TLC-bioautography

TLC: Thin layer chromatography

14 -

—_—
\S]

y = 12.6655x - 18.5557
r=0.9994

—_
(=}

Inhibitory Zone (mm)

0 , ; : ; ; ‘
1.9 21 o) 23 24 25

Log of Concentration

Figure 3. Linear regression of streptomycin sulfate analyzed using
immersion TLC-bioautography

TLC: Thin layer chromatography

Table 5. Accuracy of streptomycin sulfate analyzed by contact and immersion TLC-bioautography

Method Replicate Added amount (pg) Inhibitory zone Obtained amount % Mean of % recovery
(mm) (ug) Recovery (+ SD)
Contact TLC-bioautography | 1.2992 8.50 11459 88.20 86.93+1.60
Il 1.4616 9.20 1.2785 87.47
1l 1.6240 9.70 1.3825 8513
Immersion TLC- | 1.2992 9.20 1.2432 95.69 96.42+0.65
Bioautography I 14616 990 14119 96.60
1 1.6240 10.50 1.5746 96.96

SD: Standard deviation, TLC: Thin layer chromatography
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Table 6. Precision of streptomycin sulfate analyzed by contact and immersion TLC-bioautography

Method Conc (pg) Inhibitory zone (mm) % CV Mean of % CV
| 1l LI}
Contact TLC-bioautography 121.8 5.70 6.10 6.20 4.41 2.39
162.4 8.30 8.60 8.45 1.78
203.0 10.10 10.30 10.20 0.98
Immersion TLC-bioautography 160.0 8.25 8.20 8.30 1.24 0.53
180.0 8.60 8.65 8.65 1.41
200.0 910 9.00 910 1.57
% CV: Percent coefficient of variation, TLC: Thin layer chromatography
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Microemulsion Based Gel of Sulconazole Nitrate
for Topical Application

Topikal Uygulama Icin Mikroemdilsiyon Esasli Sulkonazol Nitrat Jeli

@ Sumedha Prashanth PAYYAL, ® Narayana Charyulu ROMPICHERLA*, ® Sandeep Divate SATHYANARAYANA, @ Ravi Gundadka SHRIRAM,
©® Anoop Narayanan VADAKKEPUSHPAKATH

Nitte Gulabi Shetty Memorial Institute of Pharmaceutical Sciences, Nitte (Deemed to be University), Department of Pharmaceutics, Mangaluru, Karnataka,
India

ABSTRACT

Objectives: Sulconazole is a broad spectrum antifungal agent of the imidazole class used against dermatophytes and other fungi to treat skin
infections. The aim of the present work was to formulate and evaluate a microemulsion-based topical sulconazole gel.

Materials and Methods: Microemulsion formulation of sulconazole nitrate was prepared by using oil, surfactant, cosurfactant and water at different
ratios. This was then subjected to clarity and particle size analysis, a centrifugation test, a dilution test, and freeze thawing.

Results: The zeta potential of formulation F1 was -41.3 and stable. The pH of the microemulsion formulation was within the range of pH of skin. F1
showed a higher percentage amount of drug as compared with the other formulations. The viscosity showed that F1 was optimum. The freezing
and thawing results showed there was no phase separation and the formulation was stable. /n vitro drug release showed that the drug release from
the microemulsion of F1 was higher when compared to the other formulations. It revealed F1 had the highest drug content of 95.88+0.3% and %
cumulative drug release was 88.75% release in 8 h. The in vivo skin irritation study on rats confirmed that formulation was nontoxic and nonirritant.
Conclusion: The present study confirmed the safety of the formulated sulconazole loaded microemulsion gel for topical application.

Key words: Microemulsion, sulconazole nitrate, in vitro release, fungal infection

OZ |

Amag: Sulkonazol, dermatofitler ve diger mantarlara karsi deri enfeksiyonlarini tedavi etmek igin kullanilan imidazol sinifinin genis spektrumlu bir
antifungal ajanidir. Mevcut galismanin amaci, mikroemulsiyon esasli topikal sulkonazol jeli formule etmek ve degerlendirmektir.

Gereg ve Yontemler: Sulkonazol nitratin mikroemulsiyon formilasyonu, farkli oranlarda yag, ytzey aktif madde, yardimci ylzey aktif madde ve
su kullanilarak hazirlandi. Formilasyon daha sonra berraklik ve pargacik boyutu analizine, santrifuj testine, seyreltme testine ve donma ¢6ziinme
testine tabi tutuldu.

Bulgular: Formilasyon F1'in zeta potansiyeli degerinin -41,3 ve kararli oldugu tespit edildi. Mikroemulsiyon formulasyonunun pH degeri cildin
pH araligi dahilindeydi. F1 formtlasyonunun, diger formulasyonlara kiyasla daha yiksek oranda ilag ytizdesine sahip oldugu bulundu. Viskozite
sonuglari, F1'in optimum oldugunu gésterdi. Donma ve ¢6ziinme sonuglari, faz ayrilmasinin olmadigini ve formiilasyonun stabil oldugunu gésterdi. in
vitro ilag salimi galismalari, F1 mikroemulsiyonundan ilag saliminin, diger formulasyonlara kiyasla daha ytksek oldugunu gosterdi. Bu galisma ayrica,
F1'in en yUksek ilag icerigine sahip oldugunu (% 95,88+%0,3) ve % kimulatif ilag saliminin 8 saat iginde %88,75 oldugunu ortaya koydu. Siganlar
Uzerinde yapilan in vivo deri irritasyon galismasi, formilasyonun toksik ve tahris edici olmadigini dogrulad.

Sonug: Bu galisma, formtile edilen sulkonazol ytklt mikroemulsiyon jelin topikal uygulama igin gtvenirligini dogrulamistir.

Anahtar kelimeler: Mikroemtilsiyon, sulkonazol nitrat, in vitro salim, mantar enfeksiyonu
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INTRODUCTION

Novel drug delivery systems are meant to attain and maintain
sufficient therapeutic levels of drug at the target site. In order
to overcome the problems connected with traditional modes
of drug administration, topical drug delivery was started. For
local dermatological disorders topical drug delivery is the
effective way for drug administration. Drug delivery through
the skin has attracted attention because it avoids the first pass
effects, gastrointestinal irritation, and metabolic degradation
associated with oral administration. The topical route of
administration is also utilized to produce systemic drug effects
in some instances. Major attention needs to be paid to new
topical formulations to ensure adequate localization of drug
within the skin to enhance the local effect or to increase the
penetration. Drugs applied topically, mainly for local action,
include antifungal, anti-inflammatory, and antiseptic agents as
well as skin emollients for protective effects, while this route
can also be used for systemic drug delivery!

Microemulsions are thermodynamically stable multicomponent
fluids consisting of oil, water, and surfactant. The droplets of
microemulsions are in the range of 10-100 nm in diameter.
Since the dispersed particles have diameters less than one-
fourth of the wavelength of visible light, they do not refract light
and that is the reason microemulsions are transparent to the
eye.??

A microemulsion when applied to the skin is expected to
penetrate the stratum corneum and to exist intact in the horny
layer, resulting in alteration of both the lipid and the polar
pathways. The lipophilic domain of the microemulsion interacts
with the stratum corneum in a different way. A drug that gets
dissolved in the lipid domain of the microemulsion can directly
partition into lipid of the stratum corneum.”

Sulconazole is a broad spectrum antifungal agent of the
imidazole class used against dermatophytes and other fungi
to treat skin infections such as ringworm and athlete’s foot.
It is lipophilic in nature and can be effortlessly formulated for
topical delivery by using a microemulsion as topical vehicle for
an antifungal effect with several advantages such as ease of
preparation, thermodynamic stability, transparent and elegant
appearance, increased drug loading, enhanced penetration into
the biological membrane, and increased bioavailability compared
to conventional dosage form likes cream. Hence, in the present
study we developed a sulconazole loaded microemulsion gel for
topical delivery and investigated it in terms of physicochemical
characterization, drug content, in vitro drug release and kinetic
studies, and in vivo skin irritation.®

MATERIALS AND METHODS

Materials

Sulconazole nitrate was received as a gift sample from Ranbaxy
Laboratory, New Delhi, India. Olive oil, Tween 20, and PEG 400
were purchased from HiMedia, Mumbai, India. Propylene glycol
and Carbopol 934 were procured from Lobachemie Pvt. Ltd,

Mumbai, India. Triethanolamine was purchased from Rankem
Fine Chemicals Ltd., New Delhi, India. All the chemicals and
reagents were used of analytical grade.

Methods

Fourier transform infrared (FTIR) spectroscopy

FTIR spectroscopy was carried out to check the compatibility
between the drug and polymer. Using an IR spectrophotometer
(Spectrum one model, Alpha-Bruker, Germany) IR spectra of
sulconazole nitrate, Carbopol 934, and physical mixture of
sulconazole nitrate and Carbopol were obtained and compared
to check the interactions.

Preparation of microemulsion

Sulconazole nitrate containing o/w microemulsion was
formulated by water titration method involving the following
steps. First, surfactant and cosurfactant were added in fixed
ratios to oil followed by sulconazole nitrate. Then bath sonication
was performed for 5 min followed by heating. Later the required
quantity of water was added dropwise with constant stirring
until the formation of a clear and transparent liquid. A series
of microemulsion formulations were prepared using Tween 20
and PEG 400 as the surfactant and cosurfactant and olive oil
as the oil. In all these formulations, the amount of sulconazole
nitrate was kept constant (50 mg) and the amounts of surfactant,
cosurfactant, oil, and cosolvent were varied (Table 1).

Characterization of sulconazole nitrate microemulsion
formulations

Globule size determination

One drop of the sample was taken on a microscopic glass slide
and a cover slip was placed over it and it was observed at 45x
resolution under a microscope (Zeiss, Germany). The particle
size was measured using BIOVIS software.®

Dilution test

The formulated microemulsions were diluted with distilled
water to confirm the type of emulsion and miscibility with the
aqueous phase.

Centrifugation test

This is used to specify the stability of the microemulsion as
to whether it is monophasic or not. Samples were centrifuged
using a cold centrifuge (CM8plus, Remi Lab World, Mumbai,

Table 1. Composition of different microemulsion formulations

Formulation Sulconazole Olive oil S:Cos Tween 20/PEG Water
code nitrate (% v/v)  ratio 400 (%) (%)
F1 2g 5.0 31 55 40.0
F2 2g 5.0 31 60 35.0
F3 2g 7.5 31 45 475
F4 2g 7.5 3:1 50 42.5
FS 2g 10 31 55 35.0
F6 2g 10 31 60 30.0
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India) at 10.000 rpm for 30 min and then were examined for
whether the system was monophasic or biphasic.”

Zeta potential determination

A Malvern Zeta Sizer (Malvern Instruments, UK) was used to
measure the zeta potential of the globules on the electrophoresis
and electrical conductivity of the microemulsion. Measurements
were performed using small volume zeta cells.”

Determination of pH
The pH of the microemulsion formulations was measured using
a digital pH meter (Systronics 335, Ahmedabad, India).

Determination of viscosity
The viscosity of the formulated microemulsions was determined

by Brookfield viscometer DV-II model using spindle number 92
at 20, 30, 50, 60, and 100 rpm.”

Freeze thawing

Freeze thawing was employed to evaluate the stability
of the microemulsion formulations. The microemulsion
preconcentrates of various formulations were subjected to
3 to 4 freeze thaw cycles, which included freezing at -10 °C
for 24 h followed by thawing at 40 °C for 24 h. The various
formulations were then subjected to centrifugation at 3000
rpm for 5 min. The formulations were then visually observed
for phase separation.®

Preparation of drug loaded microemulsion gel

The polymers Carbopol 934P and propylene glycol were used
to prepare blank gel. Among them Carbopol 934P 1% gel
was optimized for its transparency and its consistency for
application on skin. Carbopol 934P (1%) and propylene glycol
(5%) (as humectants) were added to the required quantity of
water with constant stirring and left for hydration for 4-5 h. The
microemulsion was in the gel phase and it was left overnight.
Finally the required quantity of triethanolamine was added to
adjust the pH.?

Evaluation of microemulsion gel

The prepared drug-containing gel formulations were evaluated
for pH and drug content. For drug content determination,
microemulsion gel (1 g) was weighed and dissolved in a mixture
of ethanol:phosphate buffer pH 7.4 (2:3). From this, 2 mL of
the solution was diluted to 50 mL with the same medium and
absorbance was measured at A__ 227 nm. Blank solution was
prepared in the same manner by taking gel without drug. For
determination of pH, 1 g of microemulsion gel was dissolved
in 100 mL of distilled water and stored for 2 h and pH was
measured using a digital pH meter (Systronics 335, Ahmedabad,
India).”

In vitro drug release and kinetic studies

The in vitro drug release study of drug from formulations
was carried out using an artificial semipermeable membrane
(Cellophane) with a Franz diffusion cell. The receptor
compartment consisted of 50 mL of ethanol:phosphate buffer
pH 7.4 (2:3), temperature was maintained at 37+2 °C and it was

stirred using a magnetic stirrer. The microemulsion gel (~10 mg
sulconazole nitrate) was placed on an artificial semipermeable
membrane tied to one end of an open ended glass cylinder
that was then dipped into the receptor medium on a magnetic
stirrer. Samples were taken from the receptor medium over
12 h at different time intervals and replaced immediately with
the buffer. All the samples were analyzed at 227 nm and the
cumulative amount of drug release was calculated. In order
to describe the kinetics of the release process of drug in the
different formulations, zero order, first order, Higuchi, and
Korsmeyer and Peppas models were fitted to the dissolution
data of selected formulations using linear regression analysis."

In vivo skin irritation study

The skin irritation test was carried out on healthy male albino
rats (200-250 g) obtained from NUCARE-Nitte (Deemed to be
University) with ethical approval from the ethical committee
and the document no: is NGSMIPS/IAEC/May-2016/9. The
experiments were performed in accordance with the CPCSEA
guidelines. The preparation was applied to the properly shaved
skin of rats and secured with adhesive tape, and its adverse
effects like change in color and skin morphology were checked
over 72 h. Two sets of 6 rats were used for the study. Among
these 6 were used as the placebo group and the other 6 as the
treatment group. The animals were observed for any sign of
erythema and edema over different time intervals.’”

RESULTS

Fourier transform infrared spectroscopy

The IR spectra of pure drug sulconazole nitrate (Figure 1),
Carbopol 940P (Figure 2), and a physical mixture of sulconazole
nitrate with Carbopol 940P (Figure 3) were obtained and
interpreted for spectral data comparison for (Figure 1).

Microemulsion formulations of sulconazole nitrate were
prepared by water titration. According to the definition, a
microemulsion must be clear and transparent in nature. All
the formulations were transparent and clear and without
any precipitation, which indicated the formation of good
microemulsions.

Evaluation of microemulsion of sulconazole nitrate

Globule size determination

Microemulsions are thermodynamically stable, transparent
systems having particle size <100 nm. Globule size is a very
important evaluation parameter because the therapeutic
effectiveness of a microemulsion depends on its globule
size. The formulated microemulsions showed globule size
between 243.8+0.02 pm and 679.2+0.01 ym. Formulation F1,
with the highest proportions of surfactant and cosurfactant
with a fixed amount of oil, showed the lowest mean particle
diameter, whereas formulation F6, with the highest proportion
of surfactant and a fixed amount of oil, showed the highest
mean particle diameter.

Dilution test

The dilution test is based on the fact that an emulsion is only
miscible with the liquid that forms the continuous phase.
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Centrifugation test

The data for the formulations for stability for monophasic nature

are shown in Table 2.

= - = 3
mued S SEM I E S
i 1A | | | |
= A
' A
" |
£ |
s \ y {
<!l ] | T i, | r A
TN ¥ Y et = / PR
iy ' Y e an Vel v
e 5 . N
i o am L s e
3500 3000 2500 2000 1500
Wanvenumber cm-1

Figure 1. IR spectra of pure sulconazole nitrate
IR: Infrared spectroscopy
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Figure 3. IR spectra of a physical mixture of sulconazole nitrate and
Carbopol 934P

IR: Infrared spectroscopy

Table 2. Evaluation of the centrifugation test

Formulation code

Centrifugation

F1 Monophasic, stable
F2 Not stable
F3 Monophasic, stable
F4 Monophasic, stable
F5 Not stable
Fé6 Not stable

Table 3. Results of freeze thawing test

Formulation code

Freeze thawing

F1 Stable and no separation
F3 Stable and no separation
F4 Stable and no separation

Freeze thawing test
This test checks the stability and phase separation of
formulations if found (Table 3).

Determination of zeta potential

The zeta potential value depends on the type and composition
of the carrier used in the formulation. The zeta potential of F1
was -33.5, which indicates good stability (Table 4).

Determination of pH
F1, F3, and F4 were in the pH range of 6.32-7.0, which is within
the specified range for topical formulations (Table 4).

Drug content

The percentage drug content of F1, F3, and F4 was 93.05%-
95.88%. This shows that the drug is uniformly distributed
throughout the microemulsion. The maximum drug content was
obtained for F1 (Table 4).

Table 4. Zeta potential, pH, and drug content of F1, F3, and F4

Formulation Zeta potential pH Drug content
code (mV) (%)
F1 -33.5+2.3 7.0+0.01 95.88+0.3%
F3 -41.2+34 6.32+0.03 91.42+0.2%
F4 -38.3x2.7 6.89+0.02 93.05+0.4%
*Mean + SD (n=3), SD: Standard deviation
110
100 r
- 0 ——F2
g F3
E 80
«\ =
g 70
> 60
50
40
0 20 40 60 80 100 120
RPM

Figure 4. Rheology of sulconazole microemulsions for F1, F3, and F4
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Figure 5. In vitro drug release profile of F1, F3, and F4 microemulsion gel
formulations
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Determination of viscosity

The viscosity of F1, F2, and F3 microemulsion formulations
at 20, 30, 50, 60, and 100 rpm was measured using spindle
number 92 at room temperature. The viscosity curve was
plotted by taking shear rate (rpm) on the x-axis and viscosity on
the y-axis (Figure 4) with the data obtained (Table 5).

Preparation of drug loaded microemulsion gel

Sulconazole nitrate microemulsion (F1, F3, and F4) containing
Carbopol appeared to be transparent, clear, and smooth
textured. These drug-containing gel formulations were further
evaluated for pH and drug content.

Evaluation of microemulsion gel
Drug content values were in the range of 91.5-95.5% and pH
ranged between 7.2 and 7.8 (Table 6).

In vitro drug release and kinetic studies

Three microemulsion gel formulations (F1, F3, and F4) were
selected for the in vitro drug release study. The % cumulative
drug release was 83.32-88.75 at the end of 8 h (Figure 5).
The mechanism of drug release was calculated by fitting
the dissolution data to different models like Higuchi's and
Korsmeyer-Peppas. The best model was selected based on the
highest regression value (Figure 6).

In vivo skin irritation study
The skin irritation study was carried out on six rats, of which
three were treated with placebo and three with F1. They were
observed for 72 h to check for signs of erythema and edema on
the skin surface (Figure 7).

DISCUSSION

From the FTIR study, the peaks that appeared for the physical
mixture indicated that the drug and the gelling agents are
compatible with each other.

Table 5. Viscosity of F1, F2, and F3 at different rpm

rpm Viscosity (cps)*

F1 F2 F3
20 98+0.01 105+0.01 89+0.01
30 85+0.07 90+0.01 81+0.01
50 81:0.02 88+0.02 76+0.03
60 75+0.03 81+0.03 70+0.01
100 72+0.02 79+0.01 68+0.01

*Values are mean + SD (n=3), SD: Standard deviation

Table 6. Drug content and pH of F1 microemulsion

Test Drug loaded microemulsion gel

F1 F3 F4
Drug content 95.5:0.34% 915:0.26%  92.5+0.36%
pH 7.21+0.01 7.72 £0.02 7.81 £0.02

*Values are mean + SD (n=3), SD: Standard deviation

From the results of globe size analysis, it was observed that
an increase in the ratio of the oil phase resulted in an increase
in the particle size because of the decrease in the surfactant/
cosurfactant proportion. An increase in the surfactant/
cosurfactant ratio and decrease in oil ratio led to a decrease in
mean particle size.

The dilution test showed that after dilution of microemulsion
with water the microemulsions remained clear, indicating the
good miscibility of microemulsions with water, which was used
as the continuous phase.

From the centrifugation test, it was observed that F1, F3 and
F4 were stable and monophasic liquids and they were further
evaluated for pH, drug content, and zeta potential.

The freeze thawing results also confirmed that all three
formulations were stable and there was no phase separation.
The zeta potential of formulation F1 was found to be good and
was optimized as the best formulation. The pH of the formulated
microemulsions was within the specified skin range.
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Figure 6. Korsmeyer-Peppas model for F1 microemulsion

Figure 7. In vivo skin irritation test for F1 microemulsion: (A) before
application, (B) after application
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From the viscosity study, all three formulations showed
pseudoplastic non-newtonian flow and viscosity values
decreased as the shear rates increased.

From the drug release data F1 was found to show a higher
percentage of drug release in comparison to F3 and F4. This
may be because spontaneous formation of microemulsion with
small particle size permitted a faster rate of drug release. Thus
greater permeability of the dissolved sulconazole nitrate from
the microemulsion gel formulation, which can lead to higher
absorption through the skin, can be expected.

F1 followed the Korsmeyer-Peppas model since the regression
coefficient value was higher.

The in vivo skin irritation study showed that there was no sign
of erythema or edema after 72 h of application of the gel and F1
was found to be safe, nontoxic, and nonirritant for application
on the skin.

CONCLUSION

The microemulsion based gel of sulconazole nitrate was
successfully formulated for topical delivery to treat fungal
infections. The formulated gel possessed good physicochemical
properties, high drug content, and sustained drug release. It
was also confirmed that the formulated gel is safer for topical
delivery by the in vivo studies. Based on these results, it can be
concluded that a microemulsion based gel of sulconazole nitrate
is promising for topical delivery against fungal infections.
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ABSTRACT N

Objectives: Mesenchymal stem cells are self-renewing stem cells. The human foreskin has potential to be used as a source of stem cells. The aim
of the study was to obtain spheroid formation of human foreskin cells (hnFSSCs) isolated from newborn human foreskin tissue. In addition, the
apoptotic and proliferative effects of a traditional plant, Corchorus olitorius L. (C. olitorius), on hnFSSC spheroids were investigated.

Materials and Methods: After a routine circumcision procedure the cells were isolated and cultured in suitable medium. The plant leaves was
extracted with ethanol and their composition was analyzed by liquid chromatography coupled with mass spectrometry (LC-MS/MS). The foreskin
stem cells were characterized immunocytochemically by CD45, CD34, and CD90 antibodies. hnFSSC spheroids were formed using the hanging
drop technique. Immunofluorescence staining was used on the obtained spheroids to determine the distribution of caspase-3 and Ki-67 after being
treated with C. olitorius extract for 48 h.

Results: Immunostaining analysis showed that hnFSSCs were positive for CD45 and CD34 and negative for CD90. According to LC-MS/MS C.
olitorius was rich in flavanols and hydrocinnamic acid derivatives. Although the spheroids obtained were loose and floating, the cells interacted with
each other. Caspase-3 activity was higher in the control group than in the extract-treated group and Ki-67 was higher in the extract-treated group
than in the control group, suggesting that the plant might have the capacity to increase stem cell proliferation due to its rich polyphenolic content.
Conclusion: The results suggest that hnFSSCs and spheroids might be used in stem cell generation, tissue repair and renewal as human foreskin
tissue has potential to be used as a stem cell source. C. olitorius also increased proliferation of hnFSSCs, showing that polyphenols might increase
proliferation of stem cells.

Key words: Corchorus olitorius, spheroid, human foreskin, stem cell

(OZ |

Amag: Mezenkimal kok htcreler kendi kendini yenileyebilme 6zelligine sahiptir. Stinnet derisinin kdk hiicre kaynagi olarak kullanilma potansiyeli
vardir. Calismanin amaci, yeni dogmus insan stinnet derisi izole hticrelerinden (hnFSSCs) sferoid olusumunu elde etmektir. Buna ek olarak, Kibris'a
6zgl geleneksel bir bitki olan Corchorus olitorius L. (C. olitorius) bitkisinin hnFSSCs sferoidleri Gzerindeki apoptotik ve proliferatif etkileri de
arastirilmistir.

Gereg ve Yontemler: Rutin siinnet prosedirinden sonra hicreler izole edildi ve uygun besi yeri ortaminda kilttre edildi. Bitki yapraklari etanol ile
ekstre edildi ve igerik analizi sivi kromatografi-kitle spektrometresi (LC-MS/MS) y6ntemi ile yapildi. Stinnet derisi kok hiicreleri CD45, CD34, CD90
antikorlari kullanilarak immunositokimyasal olarak karakterize edilmistir. hnFSSC sferoidleri asili damla teknigi kullanilarak olusturuldu. Elde edilen
sferoidler daha sonra C. olitorius ekstrakti ile 48 saat siire muamele edildikten sonra kaspaz-3 ve Ki-67'nin dagitimi igin imminofloresan boyama
yontemiyle boyand.
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Bulgular: immiinoboyama analiz sonuglari, hnFSSC'lerin CD45, CD34 igin pozitif fakat CD90 icin negatif oldugunu gosterdi. LC-MS/MS sonuglarina
gore C. olitorius bitkisinin, flavanoller ve hidro-sinnamik asit ttrevleri igerdigi saptanmistir. Elde edilen sferoidler gevsek ve ylzer vaziyette
olmalarina ragmen hicreler birbirleri ile etkilesim halindeydi. Kaspaz-3 aktivitesi kontrol grubunda ekstrakt grubuna goére daha yuksekti ve
ekstraksiyon uygulanan grupta Ki-67 aktivitesi kontrol grubuna gére daha ylksek bulundu. Bu sonuglar, bitkinin polifenol igeriginden dolayi kok
hicre proliferasyonunu artirma kapasitesine sahip olabilecegini gostermektedir.

Sonug: hnFSSC'lerin ve sferoidlerin kék hicre tretimi ve doku onarimi ve yenilenmesinin bir pargasi olarak kullanilabilme potansiyeli, stinnet
derisinin kdk htcre kaynagi olarak kullanilmasi durumunda mevcuttur. C. olitorius igerdigi polifenollerinden dolayi kék htcrelerin proliferasyonunu

artiran etki géstermeyi basarmistir.

Anahtar kelimeler: Corchorus olitorius, sferoid, siinnet derisi, kok hticre

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent, self-renewing
adult stem cells that are isolated from multiple tissues such
as adipose tissue, bone, umbilical cords, dental pulp, and skin.
MSCs are fibroblast-like cells and in vitro studies have shown
that they have the potential to differentiate into adipocytes,
osteoblasts, and chondrocytes! According to the International
Society of Cellular Therapy criteria, human MSCs are defined
by positive expression for cell surface markers including CD29,
CD44, CD90, CD49a-f, CD51, CD73 (SH3), CD105 (SH2), CD106,
CD166, and Stro-1 and lack of expression of CD45, CD34, CD14
or CD11b, CD79a or CD19, and HLA-DR surface molecules.?
Because of their easy isolation and lack of ethical issues, MSCs
are among the first stem cell types to be used in the treatment of
various conditions, including autoimmune diseases, orthopedic
injuries, and liver and cardiovascular diseases.?

Skin is the largest organ of the human body and a source
of multipotent mesenchymal cells with the capacity for
multipotential differentiation. Human newborn foreskin tissue
is part of the skin that is obtained by noninvasive techniques
and can proliferate without cell differentiation over a long
period.* Recent studies reported that human foreskin isolated
cells (hnFSSCs) have stem cell properties and multipotent and
pluripotent abilities. Skrzypczyk et al.> showed that storage of
hnFSSCs and newborn foreskin tissue might be very beneficial
in terms of disease development potentials and treatment
actions.

Spheroids are 3D cell culture models to be used as in vitromodels
for screening new anticancer therapeutics. There are multiple
methods for spheroid creation, namely hanging drop, spinner
culture, nonadhesive hydrogel micromolds, pellet culture, liquid
overlay, rotating wall vessel, external force, cell sheets, and
microfluidics.® 3D spheroids models have been shown to be
advantageous compared to traditional two dimensional (2D) cell
culture. 2D monolayer culture mostly focuses on cell growth
conditions, cell proliferation, and gene and protein expression
profiles. However, 3D spheroids are able to accurately mimic
some properties of normal or tumor tissue structure, such as
their micro-environments, spatial architecture, physiological
responses, signaling cascades, gene expression patterns, and
drug resistance mechanisms. Thus, the behavior of 3D cultured
cells is more reflective of in vivo cellular responses.’

Corchorus olitorius L. (C. olitorius) is a plant that is commonly
consumed in Eastern Mediterranean and Middle Eastern
countries. The plant is known to have medicinal properties,

showing anti-inflammatory, anticancer, antibacterial, and
antioxidant effects.®™ It is also known that the plant content is
rich in polyphenols, antioxidant vitamins, and minerals that are
part of endogenous antioxidant systems.8%2 C. olitorius contains
quercetin and its derivatives and chlorogenic acid derivatives,
which are thought to provide the plant with its medicinal
properties.*’?® Polyphenols also tend to improve proliferation
and have the potential to increase stem cell viability due to
differentiation in stem cells.™

The aim of the present study was to obtain spheroid formation
of hnFSSCs isolated from newborn human foreskin tissue.
Furthermore, the proliferative and apoptotic effects of C.
olitorius on hnFSSC spheroids were assessed.

MATERIALS AND METHODS

Isolation and culture of human foreskin stem cells

Human newborn foreskin tissue was obtained following routine
circumcisions. Foreskin samples were obtained from donors
4 to 40 weeks of age at Near East University Hospital after
informed consent was obtained from their parents. The study
was approved by Near East University Health Sciences Ethics
Committee (YDU/2018/62-658). The mucosa part of the foreskin
was collected. The mucosa was digested enzymatically with
1 mg/mL collagenase type 1 (Sigma, CO130) for 1 h at 37 °C
and 5% CO,. Cells were collected and centrifuged to remove
collagenase. The hnFSSCs were cultured in DMEM-F12 medium
supplemented with 10% fetal bovine serum, 1% penicillin-
streptomycin, and 25 pg/mL amphotericin B in a humidified
atmosphere at 37 °C and 5% CO,. When the cultured cells
reached 80% confluence state, they were subcultured using
0.25% trypsin-EDTA solution (Biochrom, L 2143) for further
studies.

Characterization of human foreskin stem cells

hnFSSCs were characterized immunocytochemically for
distribution of CD45, CD34, and CD90 (Thy-1 glycoprotein). The
hnFSSCs were fixed with 4% paraformaldehyde in phosphate
buffered saline (PBS) at 4 °C for 30 min. For permeabilization,
0.1% Tween 20 (Sigma-Aldrich) was added for 15 min on ice.
The cells were washed with PBS and endogenous peroxidase
activity was quenched by incubation with 3% H,O, for 5 min
at room temperature. After the cells were washed with PBS
three times for 5 min, primary antibodies anti-CD45 (sc-1178),
anti-CD34 (sc-74499), and anti-CD90 (Thy-1 glycoprotein) (sc-
19614) were added, followed by incubation overnight at 4 °C.
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Biotinylated secondary antibody and streptavidin-peroxidase
(Histostain-Plus, IHC Kit, HRP, 859043, Thermo Fischer)
were added and each secondary antibody was incubated for
30 min followed by PBS wash (x3) for 5 min. Cells were then
stained with diaminobenzidine for 5 min for enhancement of
immunolabeling. After being washed with distilled water,
they were counterstained with Mayer's hematoxylin for 5
min and mounted with mounting medium (Merck Millipore,
107961, Germany). All specimens were examined under a light
microscope (Olympus BX40, Tokyo, Japan).

Plant material and extraction

Mature C. olitorius leaves were collected from Kyrenia, Cyprus.
The collected plant sample was registered with the Near East
Herbarium at Near East University under the Herbarium number
6904. The dry leaves of C. olitorius (100 g) were powdered
(Waring Commercial Blender, USA) and extracted with 80%
ethanol during incubation overnight at room temperature
with occasional stirring. The extract was vacuum filtered and
concentrated to 200 mL by rotary evaporator (BUCHI Rotavapor
R-210). The extract was evaporated and lyophilized (Christ
Alpha 1-4 LD Plus, Germany) to yield 14.8 g of crude extract.

Liquid ~ chromatography-mass spectrometry —(LC-MS/MS)
analysis of C. olitorius leaf extract

The extract composition of C. olitorius leaves was investigated
by LC/MS-MS analysis. LC separation was performed using
an Agilent 1200 high performance LC (HPLC) system (Agilent,
USA) equipped with an automatic degasser, a quaternary pump,
and an autosampler. Chromatographic separation was carried
out on a Waters SunFire™ C18 column (150 mmx4.6 mm, 5 m) at
40 °C. The flow rate of the mobile phase was maintained at 0.5
mL/min. The mobile phases were (A) acetonitrile:water:formic
acid (10:89:1, v/v/v) and (B) acetonitrile:water:formic acid
(89:10:1, v/v/v). The HPLC system was connected to a 3200 Q
TRAP LC/MS/MS system with a hybrid triple quadrupole/LIT
(linear ion trap) mass spectrometer equipped with an ESI ion
source (Applied Biosystems/MDS Sciex, USA). The instrument
control and data acquisition were carried out by the software
Analyst 1.6.

Cell viability and growth assay

The extract was dissolved with dimethyl sulfoxide [(DMSO),
Sigma-Aldrich)] to 100 mg/mL. It was further diluted in culture
medium (5 pg/mL, 10 pg/mL, 20 pg/mL, 50 pg/mL, and 100 pg/
mL). The final concentration of DMSO in cell lines was less
than 0.05%. hnFSSCs were collected, suspended in medium,
and seeded in 96 well culture dishes at a density of 5x104/mL
cells in each well with 100 pL of medium. The hnFSSCs were
incubated for 24 h and 48 h.

Cell viability was estimated by MTT assay. MTT solution
(Biotium, #30006) was heated to 37 °C and then 10 pL was
added to each well. After 4 h incubation at 37 °C in 5% Co,,
200 pL of DMSO was added to dissolve the formazan salts. The
absorbance was measured at 570 nm with a spectrophotometer
(Versa Max, Molecular Device, Sunnyvale, CA, USA).

Preparation of the 3D spheroid model and determination of the
effects of C. olitorius leaf extract

hnFSSC spheroids were formed using the hanging drop
technique with 600 cells per 20 pL droplet (Y5, Fermenne
2013). The cells were incubated in a humidified atmosphere at
37 °C in 5% CO, for 36 h and 72 h. Two different culture time
spheroids were collected and transferred in two different 24
well plates and all of them were incubated with 50 pg/mL C.
olitorius extract for 48 h.

Immunofluorescence of 3D spheroids

The spheroids were fixed with 4% paraformaldehyde at room
temperature for 30 min and then washed three times with
PBS. The spheroids were then embedded in OCT compound
(Jung, 0201-08926) and cross-sectioned with a cryostat at 8
um thickness. Sections were kept at -20 °C until the staining
procedure. The sections were warmed at room temperature
overnight and washed with PBS for 2x30 min at 37 °C. The
sections were traced around with a PAP pen (Diagnostic
BioSystems, KO39). The blocking solution [10% sheep serum
(sc-2488) in PBS with 0.05% Triton X-100)] was added, followed
by incubation for 1 h. The blocking solution was aspirated
and primary antibodies [rabbit polyclonal anti-caspase-3 (sc-
98785) and mouse monoclonal anti-Ki-67 (BioGenex mv370-
uc)] diluted in 2% sheep serum in PBS with 0.05% Triton X-100
were added overnight in a humidified chamber at 4 °C. The cells
were then incubated with secondary antibodies (goat anti-rabbit
TRITC sc-2091, goat anti-mouse FITC Millipore AP308F) for 2
h after washing with PBS with 0.05% Triton X-100. They were
then washed and stained with DAPI (Applichem A1001-0025)
for 2 min. All sections were covered with mounting media
(JA1750) and then evaluated under a fluorescence microscope
(Olympus IX71, Tokyo, Japan).

Staining of Ki-67 and caspase-3 was also graded
semiquantitatively using the intensity of staining with a value of
1, 2, or 3 (mild, moderate, or strong, respectively).

Statistical analysis

The results were analyzed using GraphPad Prism 7 software.
The results were expressed as mean + standard deviation and
standard error where appropriate.

RESULTS

Cell morphology

Fibroblast-like and spindle-formed cells were isolated from
the mucosal part of human newborn foreskin tissue. After 4
days, fibroblast-homologous, spindle-formed morphology cells
were visible and it had been observed that the cells covered
the surface after 7 days. After subculture of the cells, the
proliferation rate was triggered and accelerated (Figure 1).

Immunocytochemical characterization of human foreskin stem cells
Immunostaining analysis showed that the hnFSSCs were
positive for CD45 and CD34 and negative for CD90. Mucosa-
derived foreskin fibroblast-like stromal cells expressed MSC
surface markers at passage 1 (Figure 2).
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LC-MS/MS Analysis of C. olitorius extract

The extract of C. olitorius was analyzed by LC-MS/MS. Caffeoyl
glucose, 3-caffeoylquinic acid, quercetin glucoside, quercetin
acetylglucoside, 3,5-dicaffeoylquinic acid, 1,3-dicaffeoylquinic
acid, luteolin, and/or kaempferol acetylglucoside were identified
in C. olitorius extract (Table 1).

Cell viability and cytotoxicity

The hnFSSCs were treated with different concentrations (5-
100 pg/mL) of C. olitorius extract for 24 and 48 h. None of the
dilutions showed any cytotoxic effects on the hnFSSCs and 50
ug/mL concentration at 48 h incubation period was optimal as
cell viability was 100% (Figure 3).

Effects of C. olitorius extract on the 3D culture hnFSSC
spheroids model

The cells started to aggregate after 24 h (Figure 4). After 36
and 72 h, two different groups of spheroids were collected and
placed in 6 well plates. The clumps increased in size with time
until day 7 and started to disintegrate after 7 days of incubation.
Day 7 was therefore chosen as the time for collecting the
spheroids for assays.

Immunoreactivity of caspase-3 was detected in both the
control and extract-treated groups. However, the intensity of
caspase-3 was less in the extract-treated group than in the

A B

Figure 1. hnFSSCs. (A) Basal photomicrographic representation of cells on
day 4 of isolation. (B) Mucosa-derived hnFSSC morphologies at passage 1.
scale bars=200 uM

hnFSSCs: Human newborn foreskin stem cells

B
.A. ‘ ‘
4 P 4 : ‘
3
) 8 J
C
- -
-
®
K -
o A

20 um

Figure 2. Immunochemical staining indicated the positive mesenchymal
stem cell surface markers CD45 and CD34 and negative for CD90. Negative
control (A), CD45 (B), CD34 (C), CD90 (D). Scale bars=20 pM

control group (Table 2). Immunoreactivity of caspase-3 was

higher in the 36-h-incubated control group than in the extract-

treated spheroid group (Figure 5). Immunostaining intensity

Table 1. Main identified components of Corchorus olitorius extract

Rt (M-H) MS? Identified as

41 341 179, 161 Caffeoyl glucose

47 353 191,179 3-Caffeoylquinic acid

99 463 299, 271, 255 Quercetin glucoside

109 505 299, 271, 255 Quercetin acetylglucoside
1.5 515 353, 191,179,173 3,5-Dicaffeoylquinic acid
121 515 353,191,179, 135 1,3-Dicaffeoylquinic acid
12.6 489 284, 255, 227 Luteolin/kaempferol

acetylglucoside

Table 2. The intensity of caspase-3 and Ki-67 immunolabeling in
hnFSSC spheroids treated with Corchorus olitorius extract at 50

Hg/mL concentration for 36 and 72 h

Corchorus Control group

olitorius extract

group

36h T72h 36 h 72 h
Caspase-3 + ++ ++ ++
Ki-67 ++ +++ + -

hnFSSC: Human newborn foreskin stem cell

Cell Viability of hnFSSCs treated with C. olitorius extract

200+
Il 3D Spheroid 24h

B 3D Spheroid 48h

Cell Viability %
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Figure 3. Effect of Corchorus olitorius extract on cell viability of hnFSSCs.
The data are given as mean + standard deviation
hnFSSCs: Human newborn foreskin stem cells

Figure 4. (A) Hanging drops (600 cells/20 pL) on the lid of a petri dish, (B)
7 day incubated spheroid. Scale bars=500 yM
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for Ki-67 was moderate to strong for spheroids treated with
extracts for 36 and 72 h (Table 2). As shown in Figure 6, Ki-67
immunoreactivity was weak or negative in the control groups
(Figure 6).

36 h control ioul 36 h extract grou 72 h control grous 72 h extract ]roul

Figure 5. Immunofluorescence, DAP| staining, and merged
photomicrographs of caspase-3 in 36 and 72 h hnFSSC spheroids treated
with 50 pg/mL Corchorus olitorius extract for 48 h. Scale bars=50 uM
hnFSSC: Human newborn foreskin stem cell

DAPI staining  Immunofluoresce

Merged

36 h control group 72 h control group 72 h extract group

Figure 6. Immunofluorescence, DAP| staining, and merged
photomicrographs of Ki-67 in 36 and 72 h hnFSSC spheroids treated with
50 pg/mL Corchorus olitorius extract for 48 h. Scale bars=50 uM

hnFSSC: Human newborn foreskin stem cell

36 h extract group

Immunofluoresce

DAPI staining

Merged

DISCUSSION

Circumcision is a ritual that has been performed for centuries
for medical, cultural, or religious reasons. The foreskin removed
after surgery is usually discarded. It has been thought that
the foreskin tissue might have the potential to be used as a
source of stem cells, especially if the procedure is performed
in early infancy and the tissue is collected from newborns.* The
foreskin is usually more easily accessible than other tissues
used for stem cell generation. In addition, as the tissue is usually
discarded straight after the procedure, subjection to ethical
issues might be negligible in terms of stem cell collection. If the
collected foreskin tissue is from newborns, the differentiation
rate and capacity are higher than in adults and nearly as high
as in bone marrow.* Most studies’ results suggested that
hnFSSCs therapy is more beneficial than adult and embryonic
stem cell therapies. The fact that positive markers were shown
for hemopoietic and neural stem cells is also an indication

that foreskin stem cells might be used in treatments for blood
cancers, Parkinson's and Alzheimer's" A very similar study found
that hnFSSCs can also differentiate in myogenic cells.® In parallel
to these studies, our results also revealed that hnFSSCs expressed
MSC markers. In the current study, hnFSSCs positively expressed
CD45 and CD34, which are known to be MSC surface markers.
However, CD90 expression was negative. This might have been due
to the hnFSSCs collected having originated from mucosal cells. Our
results suggested that hnFSSCs are capable of differentiating into
MSCs and have potential to be used in tissue renewal and repair.

MSCs play animportant role in repairing damaged tissue through
their anti-inflammatory properties. Recent studies showed
that 3D spheroids of MSCs have high differentiation ability
and cell survival when compared with 2D culture. Moreover,
3D MSCs' spheroid structure increases the anti-inflammatory
proteins from immune cells.® MSC spheroids are widely used in
oncology research as they synthesize more extracellular matrix
than 2D culture. 3D culture also increases the therapeutic
effects of intervention when compared with 2D formation.”
MSC spheroids are solid aggregates due to upregulated
cadherin expression'® In our study, hnFSSC spheroids were
formed using the hanging drop technique. Our results showed
that spheroids collected from hnFSSCs were not as compact as
MSC spheroids. We obtained more loose and floating spheroids
from hnFSSCs. However, even though the spheroid structure
was loose, the cells were intact and interacted with each other.

Inthe current study, the apoptotic and proliferative effects of the
plant C. olitorius on spheroids were studied. Caspase-3 is known
as an executioner caspase and its trigger induces apoptosis,
programmed cell death” On the other hand, expression
of Ki-67 is an indication of cell proliferation’® Caspase-3
immunostaining was observed in both cell groups, but this
was expected in spheroid structures as the center is more
compact and the nutrients are harder to diffuse to the center.
However, caspase-3 staining intensity was less in extract-
treated cells, which shows the plant might prevent stem cell
apoptosis. In contrast to these results, Ki-67 immunostaining
was higher in extract-treated cells than in the control group in
both incubation periods, which indicates that C. olitorius might
have the capacity to increase stem cell proliferation. The LC-
MS/MS results indicated that C. olitorius contains polyphenolic
compounds including quercetin and caffeoylquinic acid and
their derivatives. Other studies also showed similar results,
showing that the plant is rich in flavonols and hydroxycinnamic
acids.>® A 50 pg/mL dose was regarded as the treatment and
optimal dose for further immunofluorescence analysis. In
addition, other studies also stated that the plant has apoptotic
effects in cancer cell lines via caspase-3 activation” On the
other hand, quercetin glucuronide has been shown to increase
neural stem cell proliferation and promote migration.?® Another
study showed that quercetin enhanced bone marrow MSC
proliferation and osteogenic differentiation.?! This indicates that
C. olitorius has the potential to increase stem cell proliferation
by its rich polyphenolic content, which might be supportive
for stem cell differentiation and better for mimicking in vivo
structures and further tissue repair.
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Study limitations

Flow cytometry could help in the identification of stem cell
sources. In addition, the use of Western blotting could enhance
Ki-67 and caspase-3 immunofluorescence staining results in
terms of identification of protein expression of the antibodies.

CONCLUSION

In summary, the results indicate that hnFSSCs have great
potential in stem cell differentiation and potential to be used
in stem cell therapy. Moreover, spheroids were obtained from
hnFSSCs and C. olitorius extract has the potential for enhancing
their proliferation activity. All of these indicate that hnFSSCs
and using spheroids may be used as a part of future clinical
applications. These in vitro results also need to be evaluated
with animal studies for further progression of hnFSSC
spheroids in clinical applications.
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ABSTRACT

Objectives: There is an increasing demand for wound healing products of natural origin. Our objective was to develop a spray formulation from
Jatropha curcas (J. curcas) L. latex extracts for wound healing applications.

Materials and Methods: J. curcas L. latex was subjected to solvent extraction. The phytochemical structure was elucidated by 'H-NMR and confirmed
by liquid chromatography-mass spectrometer spectrometry. A topical spray formulation prepared from J. curcas latex extracts was evaluated in
terms of its antimicrobial activity and radical scavenging activity. The toxicity of the formulation on fibroblast cell lines, collagen production, and
wound healing activities were tested.

Results: The 'H-NMR and mass spectrometric analyses revealed the pure compound as curcacycline A. The J. curcas latex extract formulation had
radical scavenging and antibacterial activities. Moreover, the formulation was not toxic to the human fibroblast cells and it stimulated collagen
production and healed cell injury in 24 h.

Conclusion: The J. curcas latex extract promoted wound healing after cell injury. Our findings indicate the possibility of utilizing the J. curcas latex
extract spray formulation as a potential antibacterial, antioxidant, and wound healing product from nature.

Key words: Jatropha curcas L. latex, wound healing, spray formulation, collagen production, antioxidant

(OZ |

Amag: Dogal kaynakli yara iyilestirici UrlUnlere olan talep giderek artmaktadir. Amacimiz, yara iyilesmesinde etkili Jatropha curcas (J. curcas) L.
lateks ekstrelerinden bir sprey formulasyonu gelistirmektir.

Gereg ve Yontemler: J. curcas L. lateks solvan ekstraksiyonuna tabi tutuldu. Fitokimyasal yapi, '"H-NMR ile aydinlatildi ve LC-MS spektrometrisi
ile dogrulandi. J. curcas lateks ekstrelerinden hazirlanan topikal bir sprey formulasyonu, antimikrobiyal aktivitesi ve radikal stplrtct aktivitesi
agisindan degerlendirildi. Formilasyonun, fibroblast hticre hatlari tzerindeki toksisitesi, kollajen Uretimine etkisi ve yara iyilestirme aktivitesi test
edildi.

Bulgular: 'H-NMR ve kutle spektrometrisi analizleri, saf bilesigin kurkasiklin A oldugunu ortaya koydu. J. curcas lateks ekstrakti formtlasyonunun
radikal temizleyici ve antibakteriyel aktiviteleri vardi. Ayrica, formilasyonun insan fibroblast hiicrelerinde toksik etki gostermedigi ve 24 saat iginde
kollajen Uretimini uyardig ve hiicre hasarini iyilestirdigi tespit edildi.

Sonug: J. curcas lateks 6zUttntn, hiicre hasarindan sonra yara iyilesmesini destekledigi gosterildi. Bulgularimiz, J. curcas lateks ekstraktinin sprey
formilasyonunun dogal potansiyel bir antibakteriyel, antioksidan ve yara iyilestirici Grtin olarak kullanilma olasiligl oldugunu géstermistir.

Anahtar kelimeler: Jatropha curcas L. lateks, yara iyilesmesi, sprey formulasyonu, kollajen tretimi, antioksidan
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INTRODUCTION

A wound is the result of an injury that damages the dermis of
the skin. It may vary from a simple, acute wound to a chronic
wound. Naturally, the human body possesses the potential
to initiate wound healing to replace the damaged cellular
structures and tissue layers. Wound healing is a complex
process orchestrated by sequential events arising from
homeostasis, inflammation, and proliferation/granulation to
remodeling/maturation.! Wound care is a million-dollar industry
and encompasses simple topical treatments for deep seated
tissue regeneration using stem cell therapy.? Wound care
determines the appropriate treatment to promote wound healing
with minimal infections. Despite medical advancements, there
is a mounting demand for alternative treatments from the
clinical and economic perspective to treat wounds. In ancient
times, tribal healers used plant parts to cure wounds. Even
now, plants are considered an enormous repository of novel
bioactive agents. It has been determined that at present there
are more than 450 plant species being exploited for their
wound healing ability,® yet the search for novel wound healing
agents from natural resources with minimal scar formation is
incessant. In this context, Jatropha curcas (J. curcas) L., a plant
used for wound healing in folk medicine, was evaluated for
its wound healing ability in vitro to substantiate its traditional
use. In addition, the present study attempted to utilize the Thai
traditional knowledge by formulating the J. curcas extract as
a spray suitable for modern day use. It has been used in folk
medicine to treat burns, dermatitis, syphilis, inflammation,
rash, rheumatism, scabies, and sores, and its latex is known to
possess wound healing activity.*® In addition to its enormous
applications in folk medicine, the natural binding ability of
latex powder in tablets has also been demonstrated.® Fagbenro
Beyioku et al.” and coworkers reported the antiparasitic activity
of J. curcas sap and proposed it as an effective malaria vector
control agent. Preliminary evaluation of the anti-HIV activity of
J. curcas leaf extract was also reported.t J. curcas latex reduced
the blood clotting time? and in vitro studies of latex extracts
have clearly demonstrated wound healing activity.° Although J.
curcas latex has been used in traditional wound healing, studies
have revealed that pure undiluted latex caused caustic lesions
in mouse models." The sap was also found to be highly toxic to
mice when administered orally or intraperitoneally.” Against this
backdrop, the present study aimed to evaluate the bioactivity of
a spray formulation containing pure compound from J. curcas
latex and evaluate its in vitro antimicrobial, antioxidant, and
wound healing potential.

MATERIALS AND METHODS

Apparatus, cell lines, microbial species, and reagents

The normal phase and reversed phase for thin layer
chromatography (TLC) and silica gel for column chromatography
were purchased from Merck (Merck, Darmstadt, Germany).
The 'H-NMR spectrum was characterized by Varian fourier
transform-NMR spectrometer (Varian, Palo Alto, CA, USA).
The molecular weight and fragmentation pattern of purified

samples were further analyzed by electrospray ionization
(ESD-liquid chromatograph mass spectrometer (Micromass
LCT, Altrincham, UK). The solvent content in the formulation
after spraying was detected by gas chromatograph-mass
spectrometer (MS) (Trace GC Ultra, Thermo Scientific, Inc.,
TX, USA) using an AT-WasMS capillary column (30 mmx0.25
mm; 0.25-pm film thickness). High performance liquid
chromatography [(HPLC), Waters, Milford, MA, USA] was used
to investigate the physical stability of the spray formulation.
Scanning electron microscopy [(SEM)-Quanta; FEI Quanta 400,
model: 1450 EP, Carl Zeiss Micro-Imaging, Inc., Thornwood,
NY, USA] was used to obtain information about the morphology
and film thickness of the spray formulation. The antibacterial
activity was evaluated using gram-positive bacteria including
Staphylococcus aureus ATCC 25925 (S. aureus) and Staphylococcus
epidermidis ATCC35983 (S. epidermidis) and gram-negative
bacteria including Escherichia coli ATCC 25922 (E. coli) and
Pseudomonas aeruginosa ATCC 27853 (P. aeruginosa) that were
compared with clinical isolates of S. aureus, S. epidermidis, E.
coli, and P. aeruginosa (derived from clinical infections from
Songkla Nagarind Hospital, Hat Yai, Thailand). The bacteria
were maintained in brain heart infusion (BHI) broth (Becton,
Dickinson and Company, NJ, USA). The cytotoxicity test was
evaluated by a cell proliferation and viability assay using the
human keratinocyte cell line (HaCaT) (Cell Lines Service
GmbH, Eppelheim, Germany) and the human fibroblast cell
line (BJ) (ATCC, Manassas, VA, USA). Dulbecco’s modified
eagle medium (DMEM), Eagle’'s minimum essential medium
(EMEM), fetal bovine serum (FBS), and antibiotics (penicillin
and streptomycin) were purchased from Gibco (Grand Island,
NY, USA). The Sircol® collagen assay kit was purchased from
Biocolor Life Science Assays (Belfast, Northern Ireland, UK).
The epidermal growth factor Proteoglycan positive control
(IPC) standard was bought from Ichimaru Pharcos (Ichimaru
Pharcos Co. Ltd., Tokyo, Japan). A phase-contrast microscope
(Olympus CK2, Tokyo, Japan) was used to photograph the
monolayer of cells and the distance between the scratches was
analyzed using an image processing program, Image J1.42q
(Wayne Rasband, National Institute of Health, Bethesda, MD,
USA). All other reagents were of analytical grade and used
without further purification.

Collection of Jatropha latex

J. curcas L. is a shrub belonging to the family Euphorbiaceae.
It is originally native to the tropical areas of the Americas from
Mexico to Argentina, and has spread throughout the world in
tropical and subtropical regions. J. curcas is 2-5 m tall and
produces a watery latex.!?In the present work, the latex was
collected from J. curcas (specimen voucher number: SKP
071100301) plants at the botanical garden maintained by the
Department of Pharmaceutical Botany and Pharmacognosy,
Prince of Songkla University, Hat Yai, Thailand. The latex was
obtained by cutting the leaf stalk and the collected latex was
immediately stored at 4 °C until further use.

Extraction, isolation, and purification
Latex (100 mL, 107.8 g) was diluted with 20 mL of distilled
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water and the mixture was extracted with n-hexane (200
mLx3 replications). The solvent phase was separated and the
aqueous phase was further extracted with ethyl acetate (200
mLx3 replications) followed by butanol (200 mLx3 replications).
The remaining aqueous phase was allowed to dry and the other
solvent extracts were evaporated using a rotary evaporator. All
the test extracts were primarily isolated by TLC using normal
and reverse phase precoated silica plates. The mobile phase
was optimized using various solvents such as hexane, ethyl
acetate, acetone, dichloromethane, chloroform, acetonitrile,
and methanol for the normal phase, whereas different ratios
of methanol and water were used to optimize the mobile phase
for the reverse phase TLC. The TLC plates were sprayed with
20% H,S0, and developed on a hot plate (100 °C for 90 s). The
solvent mixture that yielded better separation in TLC was used
as a mobile phase for column chromatography using silica gel
(230-400 mesh). Dried butanol extract (3 g) was loaded on the
silica column (6x32 cm) and sequentially eluted with various
ratios of chloroform:ethyl acetate:methanol (7:2:1, 6:3:1, and
5:4:1). Fractions were collected, concentrated, and tested for
purity by TLC. Purified fractions were subjected to '"H-NMR in
deuterated dimethyl sulfoxide (DMSO)-d, and the spectra were
recorded at 500 MHz. The spectrum was processed using
vnmr software running on the Solaris operating system. The
molecular weight and fragmentation patterns were analyzed by
ESI-liquid chromatography- (LC) MS. The ESI-LC-MS instrument
was operated using an ESI source (positive ion mode), with
a source voltage of 4.0 kV, spray current of 100.0 pA, and a
desolvation temperature of 130 °C (source temperature: 120 °C;
acquisition mode: scan 100-1500 m/z). Nitrogen gas was used
for desolvation and as tube lens gas.

Preparation of the spray formulation

Half a percent J. curcas latex extract (butanol extract) or
curcacycline A was dissolved in ethanol and acetone as a
co-solvent (80:20 v/v). One percent sorbitan monooleate
(Span® 80) was used as a wetting and lubricating agent. The
mixture was stirred overnight until a clear solution formed. The
clear solution (4 g) was put into a spray canister and 8 g of
hydrofluoroalkane propellant (HFA134a) was added and then
it was sealed. These formulations are henceforth referred to
as J. curcas latex extract formulation (JcF) and curcacycline A
formulation (CAF).

Stability tests

The physical stability of JcF was observed for 3 months
during storage by monitoring the pH, weight, color change, and
appearance of the sediment. The curcacycline A was resolved
by HPLC in a C18 reverse phase analytical column (150x4.6 mm;
5 pm) using a methanol and water isocratic system (50:50).
The sample (15 pL) was automatically injected and elution was
performed for 15 min. The results were detected at the optimum
wavelength of optical density (OD),,, nm. The LC was performed
using the Waters Alliance 2690 liquid chromatography system
C,g column (2.1x100 mm; 3.5 pm).

Gas chromatography (GC)-mass spectrometry (MS) of the
spray formulation

GC-MS was employed to detect acetone in case it was left as
a residue after spraying. The JcF was analyzed by GC-MS to
trace the solvent level of the final product after application.
JcF was sprayed 10 times in a glass beaker from a distance
of 10 cm and briefly dried at ambient temperature. The dried
content was reconstituted in acetonitrile and subjected to GC-
MS analysis with an AT-WaxMS capillary column (30 mx0.25
mm; 0.25-pm film thickness) using the following conditions:
column oven temperature: initial 50 °C, hold for 9 min; ramp
to 120 °C at 2 °C min™; ramp to 200 °C at 25 °C min", hold for
5 min; injection temperature: 150 °C; injection mode: splitless;
sampling time: 1.00 min; constant flow: 1T mL min”; ionization
mode: electron ionization; acquisition mode: scan, 30-500 amu;
ion source temperature: 230 °C. The chromatogram obtained
was identified by comparison with the mass spectral database
(NIST and Wiley Library, 2005).

The scanning electron microscopy analysis

SEM-Quanta was used to obtain information on the morphology
and film thickness of the spray formulation. The spray
formulation was sprayed on stubs and coated with gold/
palladium (20 nm). The specimens were viewed under a Zeiss
EVO LS10 microscope using high-vacuum mode at 10 kV.

Antioxidant activity

The antioxidant activity was quantitatively investigated. In
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity test, various concentrations (7.75, 15, 31, 62, and 124
ug/mbL) of J. curcas latex extract, JcF, or CAF were tested for
their free radical scavenging activity using DPPH”® A blank
sample (ethanol:acetone (80:20 v/v), 1% sorbitan monooleate
Span® 80) was used as a negative control. The DPPH solution
(0.2 mM) was freshly prepared by dissolving 7.89 ug of DPPH
in 100 mL of methanol. Test extracts (1 mL) were mixed with
2 mL of DPPH solution and incubated in the dark for 30 min.
After incubation, the OD was read at 517 nm. The DPPH solution
was mixed with 1 mL of DMSO as a negative control and
ascorbic acid as a positive control. The antioxidant activity was
calculated using the following formula:

0D, of negative control - OD, , of sample 100

Antioxidant activity (%)=

0D, of negative control

Antibacterial activity

Antibacterial activity was tested using two strains of gram-
positive bacteria, S. aureus and S. epidermidis, and gram-
negative bacteria, E. coli and P. aeruginosa. The bacteria were
maintained in BHI broth at 37 °C by the cylinder cup diffusion
method and the clear zone of J. curcas latex extract, JcF,
and CAF was screened. The stock solution of all extract was
prepared at 500 mg/mL and then the extract solution was
loaded into the cylinder cup to obtain a final concentration of
10 mg/cup. After incubation at 35 °C for 24 h, the inhibition
zones (mm) were measured by vernier caliper, recorded, and
considered an indication of antibacterial activity.
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Broth microdilution was employed to obtain the minimum
inhibitory concentrations (MICs) and minimum bactericidal
concentrations (MBCs). ATCC strains and clinical isolate strains
of S. aureus, S. epidermidis, E. coli, and P. aeruginosa were used
in this assay. The assay was performed in 96 well polystyrene
plates. Wells containing 100 pL of BHI broth with formulation
were inoculated with 10 pL of bacterial suspension containing
10° CFU/mL. The plate was incubated at 37 °C for 18 h. After
incubation, 30 pL of resazurin (0.02% w/v) was added to each
well and the plate was further incubated for 5 h. The MIC was
determined as the lowest concentration of test extract in which
pink coloration was not observed. Vancomycin and gentamicin
were used as positive controls. For the determination of the
MBC, the agar dilution method was employed. A blank sample
(ethanol:acetone (80:20 v/v), 1% sorbitan monooleate Span®
80) was used as a negative control.

Evaluation of cytotoxicity

The HaCaT and the human fibroblast cell line (BJ) were
maintained in DMEM and EMEM, respectively, supplemented
with 10% FBS and antibiotics (100 U penicillin and 100 U/
mL streptomycin) at 37 °C with 5% CO,. The cytotoxicity test
was evaluated by a cell proliferation and viability assay using
the HaCaT and BJ cell lines.!® The cells (2x10* cells/mL) were
seeded into the wells of a 96 well plate with their respective
medium. Various concentrations (7.75, 15, 31, 62, and 124 ug/
mL) of J. curcas latex extract, JcF, and CAF were added to the
wells, followed by incubation at 37 °C for 24 h with 5% CO,. Cells
without tested samples served as a control. In addition, a blank
sample (ethanol:acetone (80:20 v/v), 1% sorbitan monooleate
Span® 80) was used as a negative control. After incubation,
the media were removed and the cells were rinsed with sterile
phosphate buffered saline (PBS). The wells were supplemented
with 100 pL of fresh media and 10 pL of 3-(4, 5-dimethylthiazol-
2-yD-2, 5-diphenyltetrazoliumbromide (MTT, 5 mg/mL) and
incubated at 37 °C for 4 h. After incubation, the contents of the
wells were removed and the formazan crystals formed were
dissolved by adding 200 pL of DMSO and measured at 540
nm. The percentage of cell viability was calculated using the
following formula:

Control OD,,, - Treated OD,, 100

Viability (%) =
Treated OD,

Estimation of the soluble collagen produced by human fibroblast
cells

For estimation of the soluble collagen produced by human
fibroblast cells, the soluble collagen produced by the BJ cell line
was determined.® BJ cells were seeded into the wells of a 96
well plate at an initial concentration of 2x10% cells/mL in EMEM
supplemented with 10% FBS. Various concentrations (7.75, 15,
31, 62, and 124 pg/mL) of extracts, J. curcas latex extract, JcF,
and CAF, were added to the cells and incubated at 37 °C for 24 h
in a 5% CO, atmosphere. Proteoglycan IPC was extracted from
nasal cartilage of Oncorhynchus keta (salmon) having a property
like epidermal growth factor. It was used as a positive control.
BJ cells alone served as a control. After incubation, 100 pL of

supernatants were collected separately and the total soluble
collagen (type 1) was quantified using 1 mL of a Sircol®collagen
assay kit. The mixture was incubated at room temperature for
30 min and then subjected to centrifugation at 15.000 rpm for
10 min. The collagen was obtained as a pellet and dissolved
in 1 mL of an alkaline reagent (0.5 M NaOH). The solution
was transferred to a 96 well plate and the optical density was
measured at 540 nm. A standard curve was prepared using
standard bovine skin collagen type 1 obtained from American
disease-free animals. The soluble collagen produced by BJ
cells in the presence and absence of JcF was calculated based
on the standard curve. A blank sample (ethanol:acetone (80:20
v/Vv), 1% sorbitan monooleate Span® 80) was used as a negative
control.

Assay for the cell culture wound closure

The wound closure assay in cultured cells was performed to
assess the in vitro wound healing ability of JcF in the HaCat
and BJ cell lines!® The wells of a 6 well plate were seeded with
5x10* cells/mL with appropriate culture medium and allowed
to grow as a confluent monolayer. A linear scratch was then
created using a sterile tip and the wells were washed with
sterile PBS to remove cell debris. Culture medium (2 mL) was
added to the wells with (treated, 31 pug/mL) or without JcF
(blank sample) as a negative control. This was considered day
0 and photographs of the monolayer were acquired at 100x
magnification using a phase-contrast microscope. The plates
were incubated at 37 °C for 24 h in a 5% CO, atmosphere. After
incubation, the cells were again photographed on day 1. These
images were examined using an image processing program and
the distance between the scratches was measured and the cell
migration rate was calculated using the following formula:
Distance between scratches (day 0)-Distance onday 1 100

Migration rate (%) =
Distance on day O

Statistical analysis

Assays were performed in triplicate and the values were

expressed as mean + standard deviation. One-way ANOVA was

carried out using SPSS version 17.0. The significance was set

at p<0.05.

Ethics Committee approval and patient informed consent were
not required as the experiment did not involve animal or human
studies.

RESULTS

Extraction, isolation, and purification

Solvent extraction (hexane, ethyl acetate, butanol, and water
extracts) of the J. curcas latex (107.8 g) yielded a total of 10.81
g that comprised the extracts from hexane (5 g; 19%), ethyl
acetate (5 g; 19%) butanol (4.81 g; 30%) and water (5.36 g;
33%). All the test extracts were subjected to TLC using normal
and reverse phase precoated silica plates and it was found
that the hexane, ethyl acetate, butanol, and water fractions
had similar TLC profiles (data not shown), but a few additional
bands were observed in the butanol fraction. Thus, the butanol
fraction was chosen for further purification with the silica
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gel open column chromatography. Hence, the butanol fraction
(3 g) was subjected to further fractionation by open column
chromatography. Among the 200 fractions collected, we found
that fractions 9 and 10 yielded a single abundant band in the
TLC with a retention factor of 0.29. Then the pure compound
from fractions 9 and 10 was further identified by 'H-NMR
and found to be curcacycline A (pure compound), which is
a major constituent of J. curcas latex (Table 1). Curcacycline
A was further confirmed by mass spectrometric analysis
corresponding to C,_H N_O_*Na* (Figure 1.

37 67 879

Spray formulation

J. curcas JcF was prepared from the butanol extract fraction
employing various compositions (Table 2) and it was found that
the formulation with J. curcas extract (0.5%), ethanol (78.5%),

Table 1. Comparison of 'H-NMR of pure compound with reported
curcacycline A"

Pure compound

Curcacycline A

d (ppm), J coupling
constants (Hz), Integration
proton, (500 MHz, DMS0-d,)

d (ppm), J coupling
constants (Hz), Integration
proton (400 MHz, DMSO-d,

—_

8.521 (brs., TH)

8.67 (t, J=5.7 Hz, 1H)

2. 846:832 (brs. H, H) 8.63-8.54 (m, H)
3 - 851 (s, 1H)
4 8.16(d,J=7.5 Hz, 1H) 8.17 (d, /8.5 Hz, 1H)
5. 804 (brs, H) ~NH g 03¢, 1) —NH
6. 780(d, J=8 Hz, TH) 7.73(d, J=T75 Hz, H)
7. 759 (brs. H, 1H) 753 (d, J-8.9 Hz, 1H)
8 - _ 739 (d, J=99 Hz, THL
9. 530(d, J=105 Hz, 1H) 534 (d, J=10.8 Hz, TH)
10. 467 (d, J=T5 Hz, 1H) 4.76 (dd, J=99, 37 Hz, TH)
0. 449 Grs, H 4.60 (dd, J=14.2, 8.3 Hz, TH)
12, 430-4.26 (m, 2H) 4.37-4.22 (m, 2H)
13 411-409(dd, J-8 Hz, 45  412-4.05 (m, TH)
Hz, 1H)
14, 396-386(dd, dd, (U=14 Hz,  396-379 (m, 4H)
75 H2), (J=17 Hz, 7 Hz), 4H)
15. 346 (d, J=17 Hz, TH) 345 (d, J=5.2 Hz, 1H)
16, 343(dd, J=15Hz 55Hz 340 (d, J=4.9 Hz, TH)
H
7. 2.32-2.26 (m, 1H) 315 (d, J=5.2 Hz, H)
8. 196-1.89 (m, H) 2.50-2.46 (m, TH)
19. 179, J=135, H) 232 (td, J=13.8, 69 Hz, TH)
20, 1.64-1.40 (m, 13H) 1.69-118 (m, 13H)
21 0.90-0.80 (m, 32H) 1.08-0.69 (m, 32H)

s: Singlet, d: Doublet, dd: Doublet of doublets, m: Multiplet, brs: Broad singlet,
DMSO: Dimethyl sulfoxide

acetone (20%), and Span® 80 (1%) had preserved its bioactivity.
JcF (pH: 7) exhibited a clear solution (Figure 2). In addition, CAF
was also prepared in the same conditions with JcF and it was
seen that the formulation with curcacycline A (0.5%), ethanol
(78.5%), acetone (20%), and Span® 80 (1%) showed a clear
solution without precipitation (data not shown). We collected
both formulations for further investigation of bioactivity.

Chemical and physical stability tests

Storage did not affect the stability, pH, weight, color, or
homogeneity of JcF. HPLC analysis of JcF revealed a major
peak eluted at 1.98 min with 81% recovery. LC-MS analysis and
the ESI-MS spectra fragmentation pattern revealed the major
constituent as curcacycline A. The GC-MS analysis revealed
the presence of 7.4% ethanol (data not shown) but acetone
residue was not detected due to quick evaporation. The
10.000x micrographs of the spray formulation from SEM are
shown in Figure 3. Figure 3A displayed the film on the stub
with interspersed droplets and small particles observed on the
surface. Furthermore, cross-section SEM revealed that the
formulation formed a thin film after spraying on the stub (Figure
3B). Furthermore, curcacycline A was used to formulate the
CAF using the same excipient, which revealed similar physical
properties to JcF (data not shown).

Antioxidant activity and antibacterial activity

The antioxidant activity of J. curcas latex extract, JcF, and CAF
is illustrated in Figure 4. The results showed that J. curcas latex
extract and JcF significantly increased antioxidant activity in a
concentration-dependent manner, but CAF did not. In addition,
the inhibition zone of antimicrobial activity is given in Table 3.
The results revealed that both J. curcas latex extract and JcF
possessed antibacterial activity with MIC and MBC at 5 mg/
mL against both gram-negative and gram-positive bacteria and
their clinical isolates, whereas vancomycin and gentamicin
exhibited MIC at 1 and 4 pg/mL against gram-positive and gram-
negative bacteria, respectively. Notably, an inhibition zone of
antimicrobial activity of CAF was not observed against either
type of bacteria.

Figure 1. The molecular structure of curcacycline A
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Table 2. Jatropha curcas extract spray formulation design

Ingredients Compositions % (w/w)

F1 F2 F3 F4 F5 Fé6 F7 F8 F9
Jatropha curcas extract 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ethanol 78.5 78.5 715 75.5 76.9 78 76.5 75.4 78.5
Acetone 20 20 20 20 20 20 20 20 20
PEG 400 - 05 1 2 05 05 1 2 -
Span 80 1 05 0.2 1 05 0.1 1 0.5 -
Eudragit® E100 - 0.1 05 1 0.1 05 1 0.1 05
Kollidon® VA 64 - 0.1 05 1 0.1 05 1 0.1 05
Kolliphor P - 1 05 0.2 1 05 0.2 1 0.5
Test results B X X X X X X X X

v': No precipitation, x: Precipitation

Figure 2. Formulation of Jatropha curcas latex extract filled in metered
dose spray canister

LU L

A ' B

Figure 3. The surface morphology of JcF spray droplets (A) and thin film
micrographs of JcF (B)
JcF: Jatropha curcas latex extract formulation

Cytotoxicity

The cytotoxicity of J. curcas latex extract, JcF, and CAF in
HaCat and BJ cells was evaluated by MTT assay. The results
revealed that cell viability of HaCat cells was higher than 80% at

all concentrations of all tested samples (Figure 5A). However,

Table 3. Antibacterial activity of Jatropha curcas extract and
JcF against reference and clinical isolates of gram-positive and

-negative bacteria. Notably, antibacterial activity of CAF is not
shown in this table due to inability to measure its inhibition zone

Pathogen Strain Zone of inhibition (mm)
J. curcas JcF
latex extract

S. aureus ATCC25925 23:0.2 25:0.5

Clinical isolate 15+£0.3 14£0.5

S. epidermidis ATCC35983 23:0.2 2710.2

Clinical isolate 20+0.2 20+01
E. coli ATCC25922 23:0.2 21101

Clinical isolate 12+0.5 12+0.2
P. aeruginosa ATCC27853 22+011 20+0.2

Clinical isolate 14£0.1 12+0.2

JcF: Jatropha curcas curcas latex extract formulation, CAF: Curcacycline A
formulation

100

®m blank
90
Olatex extraction

80 SJcF
70 CAF
60
50
40

30

% Antioxidant activity

Concentration (pg/ml)

Figure 4. Antioxidant activity of Jatropha curcas latex extract, JcF, and
CAF. Various concentrations of tested samples were tested for their free
radical scavenging activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH). A
blank sample (ethanol:acetone (80: 20 v/v), 1% sorbitan monooleate Span®
80) was used as a negative control

JcF: Jatropha curcas latex extract formulation, CAF: Curcacycline A formulation
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the concentration of 62 and 124 pg/mL J. curcas latex extract
significantly decreased cell viability of BJ cells while JcF-
and CAF-treated BJ cells were not toxic (>80%) (Figure 5B).
Notably, JcF- and CAF-treated HaCat and BJ cells displayed
more than 80% cell viability at all concentrations (Figure 5).

Collagen production and wound healing

The collagen production after treatment with J. curcas latex

extract, JcF, and CAF in human fibroblast BJ cells was

determined by Sircol assay. The results showed that J. curcas
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Figure 5. Cytotoxicity evaluation of Jatropha curcas latex extract, JcF, and
CAF using HaCaT cells (A) and BJ cells (B). A blank sample (ethanol:acetone
(80:20 v/v), 1% sorbitan monooleate Span® 80) was used as a negative
control

JcF: Jatropha curcas latex extract formulation, CAF: Curcacycline A formulation,
HaCaT: human keratinocyte cell line, BJ: Human fibroblast cell line
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Figure 6. Collagen production by BJ cells treated with various
concentrations of Jatropha curcas latex extract, JcF, and CAF. A blank
sample (ethanol:acetone (80:20 v/v), 1% sorbitan monooleate Span® 80)
was used as a negative control

BJ: Human fibroblast cell line, CAF: Curcacycline A formulation, JcF: Jatropha curcas
latex extract formulation

latex extract and JcF promoted collagen production in BJ
cells in a concentration-dependent manner, whereas collagen
production was not observed in CAF-treated cells (Figure
6). In fact, J. curcas latex extract slightly promoted collagen
production (47-198 pg/mL), while JcF prominently promoted
it (179-335 pg/mL). These results revealed that JcF exhibited
good collagen production activity and was nontoxic to both
cells, but this was not the case for J. curcas latex extract or
CAF. Thus, we selected JcF for further investigation of wound

A Negative Control JcF treated Proteoglycan-1PC
Day 0
Day 1 i 4

B Negative Control JcF treated Proteoglycan-IPC
Day
Day 1

Figure 7. (A) In vitro wound closure assay of BJ cells with (JcF and
proteoglycan IPC) and without (negative control) treatment. (B) In vitro
wound closure assay of HaCaT cells with (JcF and proteoglycan IPC) and
without (negative control) treatment. Scale bar indicates 100 pm

BJ: Human fibroblast cell line, JcF: Jatropha curcas latex extract formulation, IPC:
Positive control, HaCaT: Human keratinocyte cell line

healing activity. The wound healing in HaCat and BJ cells was
also determined using a scratch assay, and the proteoglycan
IPC (1 pug/mL) was used as a positive control. In the present
study, we used a concentration of 31 ug/mL JcF for wound
healing. The results after treatment for 24 h showed that JcF
completely promoted wound healing in HaCat and BJ cells
(Figures 7A and 7B). Indeed, the wound healing of JcF-treated
HaCat cells was more rapid than that of proteoglycan IPC, but
was similar in BJ cells.

DISCUSSION

In the structure elucidation of pure compound from J. curcas
latex extracts, TH-NMR revealed eight positions of chemical
shifts at 8.52, 8.46, 8.32, 8.16, 8.04, 7.80, and 7.59 ppm (Table
1). This characteristic of 'H-NMR indicates the protons of amino
acid residues in curcacycline A, a cyclic octapeptide, which has
been reported in various parts of J. curcas.” In addition, the ESI-
MS displayed 789.5 m/z corresponding to C,.H,.N.O *Na* and a

37 67 879
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similarity search in the mass spectral database revealed a close
match as curcacycline A’ The data from 'H-NMR and ESI-MS
together supported that pure compound was curcacycline A.

Next, J. curcas latex extract and curcacycline A were used
to formulate the JcF and CAF using ethanol, acetone, Span®
80, and propellants as excipient. The results revealed that
formulations retained properties including pH, weight,
color, and homogeneity of the formulation, suggesting this
formulation was stable at room temperature. In addition, LC-
MS analysis of the JcF revealed that curcacycline A was stable
in this formulation. Furthermore, the GC-MS results detected
a low amount of ethanol residue due to quick evaporation.
The concentration of ethanol in JcF is also less than that of
typical antiseptic alcohol, which contains >70% ethanol. The
absence of acetone guaranteed the safety of JcF for wounds.
In addition, the film thickness of JcF from SEM data suggested
that the spray formulation formed a uniform film containing
some particles on a film surface. Moreover, cross-section SEM
showed that JcF formed a thin layer of film after spraying onto
a stub with a thickness of 1-2 um. For CAF, the physical and
chemical properties of this formulation were similar to those
of JcF.

In the biological activity studies, J. curcas latex extract and
JcF had high antioxidant potency, but CAF did not. A similar
phenomenon was observed for antimicrobial activity in the
microbial tests on gram-positive and -negative bacteria in which
J. curcas latex extract and JcF showed significant antimicrobial
activities, but CAF did not. These suggested that curcacycline
A is not an active compound for that biological activity. Most
antioxidants are likely to promote wound healing” The J.
curcas extract illustrated its potential to possess antimicrobial
and antioxidant activities. Thus, JcF with antioxidant activity
could promote wound healing while preventing reactive
oxygen species mediated further cellular damage at the wound
site. Most wound infections are colonized by polymicrobial
infections consisting of both gram-positive and gram-negative
bacteria but many classes of antibiotics are effective against
them. Although broad spectrum antibiotics can be administered
to control wound infections, this could cause an increase in
the incidence of antibiotic resistance in clinical use.?® In
addition, there will be a requirement for the administration
of wound healing products. The ability of J. curcas extract to
control both gram-positive and gram-negative bacteria and its
wound healing potential assure its perpetual applications in
wound care products. The ability of J. curcas latex ointments
in controlling pathogens was also proven, which is consistent
with the present study.?'2?

The in vitro cytotoxic activity of J. curcas latex extract, JcF,
and CAF in human keratinocyte and human fibroblast cell lines
was investigated. All concentrations of JcF and CAF were not
toxic and stimulated cell growth in both cells, but this was
not the case for J. curcas latex extract in BJ cells, suggesting
that JcF and CAF are safer than J. curcas latex crude extract.
Furthermore, JcF increased collagen production and so will
have a positive impact on improving wound healing, but CAF

did not. This suggested that curcacycline A is not an active
compound for collagen production. Collagen is known to play
a major role in wound healing and re-epithelialization, which
is crucial for wound closure. It acts as a reinforcing factor by
increasing the strength of the wound, which helps to restore
the functionality of the skin! Previous studies with J. curcas
latex revealed its toxicity towards fibroblasts.?* However, in our
studies JcF promoted wound healing potential without inducing
any toxicity to fibroblast cells. In the scratch assay, ‘expanding’
mode of human keratinocytes was enhanced in the presence of
JcF and the results were significantly better than the positive
control of proteoglycan IPC, suggesting a potentially high wound
healing property. This expanding mode may activate wound
closure and switch back to a ‘balanced’ mode that will maintain
homeostasis.?* JcF reduced the time required for wound re-
epithelialization, which also hastened the wound healing
process, which is already evident from studies carried out with
J. curcas plant exudates,® leaf extract,?® and ointment prepared
from it.2” The ointment prepared from J. curcas was proven to
be safe for albino rats as histopathology of liver and kidney
were found to be unaltered.?® The rate of re-epithelialization
is important to avoid scarring, which is considered a social
stigma. The efficiency of the spray formulation in increasing
the natural healing process will aid in the development of better
wound care products. Wound healing is a complex process
orchestrated by various cellular events from cell migration
and proliferation to remodeling. Several studies have shown
that the accumulation of oxidative stress hampers the healing
process and advised the use of locally applied antioxidants to
reduce hypoxia and to promote wound healing.?’*° Previous
research has revealed the active ingredient responsible for
wound healing as curcain.®*3 However, in our study we did not
detect curcain in the extraction process.

CONCLUSION

The present study for the first time reports the formulation of
a spray from J. curcas latex extract with potential applications
in wound healing. The formulation of a spray from curcacycline
A had no such applications. The study also found that the
latex extract formulation preserved bioactive potentials such
as antimicrobial, antioxidant, and wound healing without any
loss in function. Development of a spray product for treating
wounds has advantages over other formulations like ointment
or creams that alter the healing process. The ability to induce
collagen and prevent microbial infections, and the antioxidant
property of JcF greatly enhance its wound healing potentials.
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Pyrophen Isolated from the Endophytic Fungus
Aspergillus fumigatus Strain KARSV04 Synergizes
the Effect of Doxorubicin in Killing MCF7 but not
T47D Cells

Endofitik Mantar Aspergillus fumigatus KARSV04 Susundan izole Edilen
Pirofen Doksorubisinin MCF7 Huicrelerini Oldiirme Etkisini Sinerjize Etmis
T47D Hcreleri Uzerindeki Etkisini Degistirmemistir
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ABSTRACT

Objectives: Pyrophen, an amino acid-pyrone derivative isolated from Aspergillus fumigatus strain KARSVO4 has been reported to have an anticancer
effect on T47D cells by inhibiting the growth of cells and modulating the cell cycle in the S phase. In the present study, the effect of pyrophen in
doxorubicin (Dox) chemotherapy in an in vitro model of breast cancers was studied.

Materials and Methods: The cytotoxicity of pyrophen and Dox separately and in combination were evaluated in T47D and MCF-7 cells by
3-(4,5-dimethylthiazol-2-y)-2,5-diphenyltetrazolium bromide assay. Modulation of cell cycle distribution and apoptosis was examined by flow
cytometry.

Results: Our findings showed that pyrophen did not significantly potentiate Dox-induced cytotoxicity in T47D cells. Adding Dox-treated T47D cells
with pyrophen at a concentration of 9.20 pg/mL induced a slight increase in the S-phase cell population. This compound induced cytotoxicity of
MCF-7 cells with IC,_ of 70.57 ug/mL. Co-treatment of pyrophen and Dox in MCF-7 cells increased cytotoxicity relative to Dox alone, which was
suggested in part to be due to modulation of the cell cycle in the G2/M phase and apoptosis.

Conclusion: The data suggest different mechanisms of regulation in promoting cell death by two different cell lines in response to administration
of pyrophen.

Key words: Aspergillus fumigatus, pyrophen, doxorubicin, T47D, MCF-7

Z |

Amag: Aspergillus fumigatus KARSVO4 susundan izole edilen amino asit-piron tirevi olan pirofenin, hicrelerin biyimesini engelleyerek ve S
fazindaki hiicre dénglstnt modle ederek T47D hicreleri Uzerinde antikanser etki gésterdigi rapor edilmistir. Bu ¢alismada, pirofenin doksorubisin
(Dox) kemoterapisindeki olasi etkisi in vitro meme kanseri modelinde incelenmistir.

Gereg ve Yontemler: Pirofen ve Dox igin ayri ayri ve kombinasyon halinde T47D ve MCF-7 hucrelerinde 3-(4,5- dimetil tiyazol -2-yD)-2,5- difenil
tetrazolium bromdir ile sitotoksisite deneyi yapilmistir. Hicre déngistnin modulasyonu ve apoptozis akis sitometrisi ile incelendi.

Bulgular: Bulgularimiz, pirofenin T47D hiicrelerinde Dox kaynakli sitotoksisiteyi 6nemli dlgide artirmadigini gosterdi. Dox ile muamele edilmis T47D
hiicrelerine, 9,20 pg/mL konsantrasyonunda pirofen eklenmesi, S-faz hiicre popiilasyonunda hafif bir artisa neden oldu. Bu bilesik, MCF-7 hiicrelerinde

*Correspondence: E-mail: puji_astuti@ugm.ac.id, Phone: +62274543120 ORCID-ID: orcid.org/0000-0003-3316-6149
Received: 16.01.2019, Accepted: 21.02.2019
©Turk J Pharm Sci, Published by Galenos Publishing House.

280


https://orcid.org/0000-0003-3316-6149
https://orcid.org/0000-0003-3688-5368
https://orcid.org/0000-0003-2257-2459
https://orcid.org/0000-0002-1374-4506
https://orcid.org/0000-0002-2639-8411
https://orcid.org/0000-0001-9825-4049

ASTUTI et al. Pyrophen Synergizes the Cytotoxic Effect of Doxorubicin on MCF7 Cells 281

sitotoksisiteyi induklemistir (IC,; 70,57 ug/mL). MCF-7 hiicrelerine pirofen ve Dox'un birlikte uygulanmasi, tek basina Dox ile karsilastirildiginda
sitotoksisiteyi arttirmistir; bunun kismen hiicre déngisiinin G2/M fazinda modiilasyonu ve apoptoz kaynakli oldugu distinilmustar.
Sonug: Veriler, pirofen uygulamasina yanit olarak iki farkli hiicre hattinda indiklenen hicre 8liminin farkli dizenleme mekanizmalari oldugunu

dustndurmektedir.

Anahtar kelimeler: Aspergillus fumigatus, pirofen, doksorubisin, T47D, MCF-7

INTRODUCTION

Breast cancer is one of the most common cancers, affecting
women all around the world, and the risk factor increases
are influenced by age? Doxorubicin (Dox), an anthracycline
antibiotic, is one of the most widely used chemotherapeutic
agents for breast cancer treatment? It exhibits anticancer
activity by intercalation with DNA and inhibits topoisomerase
Il as well as generation of reactive oxygen species, resulting
in apoptosis of tumor cells.*¢ In spite of the widely used Dox
to treat cancer, its side effects, including cardiotoxicity, and
the development of drug resistance limit its clinical application
in cancer therapy.”” Many strategies have been developed to
minimize its side effects and improve its chemotherapeutic
effect, one of which involved combining Dox with some
sensitizing agents!®? A proteasome inhibitor, carfilzomib,
was reported to increase Dox-induced cytotoxic effects and
apoptosis in various subtypes of breast cancer!® Similarly,
a phosphodiesterase-5 inhibitor, sildenafil, was shown to
enhance Dox-induced apoptosis in PC-3 and DU145 prostate
cancer cells. A flavonoid, luteolin-7-O-B-D-glucopyranoside,
isolated from Dracocephalum tanguticum exhibited protective
activity against Dox-induced toxicity in H9c2 cardiomyocytes.”?

Pyrophen is an amino acid-pyrone derivative isolated from
various organisms including Aspergillus niger and Alternaria
alternata® Recently, Reber and Burdge™ reported that this
compound was able to be synthesized using commercially
available N-Boc amino acids. Investigations on its potential as
an anticancer agent are limited. Previous findings demonstrated
that pyrophen isolated from Aspergillus sp. endophytic fungi
modulated the T47D cell cycle. The aim of the present study was
to examine whether pyrophen enhanced the chemotherapeutic
effect of Dox in T47D as well as in another type of cells, MCF-T7.

MATERIALS AND METHODS

Materials

Pyrophen was isolated from the culture of endophytic fungus
Aspergillus fumigatus strain KARSVO4 (culture collection of
Pharmaceutical Biology Department, Faculty of Pharmacy,
UGM)¢ RPMI 1640, fetal bovine serum (FBS), penicillin/
streptomycin, Fungizone, and sodium bicarbonate were supplied
by Gibco. 4-(2-HydroxyethyD-1- piperazine ethane sulfonic
acid was obtained from Invitrogen. Phosphate-buffered saline
(PBS), propidium iodide (PI), Annexin-V-FLUOS staining Kkit,
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT), RNAse, and Dox were purchased from Sigma-Aldrich.

Cell culture

T47D and MCF-T7 breast cancer cells were grown in RPMI and
DMEM media, respectively. Each medium was supplemented

with 10% heat inactivated FBS, 1% penicillin/streptomycin, and
1 pg/mL Fungizone. The cultures were incubated in a humidified
incubator at 37 °C with 5% CO.,,.

Cytotoxicity assay

The cell cytotoxicity assay was conducted by modified MTT
assay.” Briefly, 100 yL of media containing 10 cells was added
to a 96-well plate followed by incubation for 24 h. The cells
were further grown alone or treated with just pyrophen or in
combination with Dox for another 24 h. The treated cells were
gently washed with prewarmed 1X PBS, and 100 pL of media
containing 0.5 mg/mL MTT was added to the wells. The cells
were incubated for 4 h at 37 °C. Then 100 pL of 10% sodium
dodecyl sulfate was added to the cells and they were incubated
overnight at room temperature in the dark. The absorbance in
each well was measured using a microplate reader (Bio-Rad)
at 595 nm. The data generated were used to plot a cell viability
curve. Each experiment was conducted in triplicate.

Cell cycle distribution and apoptotic cell analysis

Cell cycle distribution and percentage of apoptotic cells were
examined using flow cytometry. Briefly, 1.5x10° cells were
inoculated in 6 well plates and grown for 24 h at 37 °C. For the
cell cycle analysis, following treatment with pyrophen alone or
in combination with Dox, the cells were harvested and fixed
with cold ethanol. After washing with PBS, the cells were
resuspended in buffer containing 1 mg/mL Pl and 10 mg/mL
RNAse, incubated for 5 min, and subjected to flow cytometry
analysis. For the apoptotic cell analysis, following the addition
of pyrophen alone or in combination with Dox, Annexin-V and
Pl were added to the cells, followed by incubation in the dark for
15 min at 4 °C and analysis by flow cytometry.

This article contains experimental studies that do not require
approval by an ethics committee.

Statistical analysis

The results are expressed as mean + standard error of the
mean. Normal distribution was analyzed by Shapiro-Wilk test.
p>0.05 indicated normal distribution. The difference in the
averages of cell viability between groups was analyzed by one-
way ANOVA using SPSS version 23.00. P<0.05 indicated a
significant difference.

RESULTS

Pyrophen modulates the growth of MCF-7 cells

Aprevious study reported the cytotoxic effect in vitro of pyrophen
on T47D breast cancer cells® In order to assess the anticancer
activity of this compound on other molecular subtypes of breast
cancer, the MCF-7 cell line was used. MCF-7 cells were treated




282 ASTUTI et al. Pyrophen Synergizes the Cytotoxic Effect of Doxorubicin on MCF7 Cells

with pyrophen at concentrations of 11.25-90.00 pg/mL, and the
cell viability was determined by MTT assay. The results showed
that pyrophen reduced the viability of MCF-7 cells in a dose-
dependent manner and this was confirmed by morphological
changes in the cells following 24 h treatment (Figure 1). The
IC,, of pyrophen on MCF-7 cells was observed at 70.57 ug/mL.

The effect of pyrophen on Dox-treated T47D and MCF-7 cells
In order to study its potential as an adjuvant to existing
chemotherapeutic agents, T47D and MCF-7 cells were treated
with the tested compounds individually or in combination. In
the present study, pyrophen at the concentrations used did
not reduce the viability of Dox-treated T47D cells (Figure 2).
Adding the Dox-treated cells with pyrophen up to 6.25 pg/mL
also did not affect the cell cycle distribution. However, when
the pyrophen concentration was raised to the IC,, value (9.2 pg/
mL), there was a shift in the synthesis (S) phase cell population
from 17.16% to 22.15% (Figure 3). It was interesting to note that
there was a decrease in MCF-7 cell viability when the cells were
treated with a combination of pyrophen and Dox compared to
Dox alone. The effect was obvious when the cells were treated
with pyrophen at a higher concentration (45 pg/mL) and this
was observed in all concentrations of Dox-treated cells.
Cell cycle analysis of Dox-treated MCF-7 cells administered
together with pyrophen showed a decrease in the GO/G1 phase
population and increased number of cells in the G2/mitotic (M)
phase. Addition of a higher concentration of pyrophen up to
90 pg/mL increased the sub-G1 phase population from 3.5%
(Dox-treated MCF-7 cells) to 20% (Dox-treated MCF-7 cells
+ pyrophen 90 ug/mL) (Figure 3). Further observation using
Annexin-V in combination with Pl staining showed that the
number of apoptotic cells increased from 11.60% (Dox-treated
MCF-7 cells) to 26.67% (Dox-treated MCF-7 cells + pyrophen 90
pg/mL) (Figure 4).
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Figure 1. Cell viability and cell cycle profile of MCF-7 cells treated with
pyrophen. Dose-viability curve response (A) and morphological changes in
MCF-T cells treated with pyrophen at various concentrations (B)

DISCUSSION

A previous study reported that pyrophen isolated from the
endophytic fungus Aspergillus fumigatus KARSV04 showed
toxicity towards p53 defective breast cancer cell line T47D.¢ Its
potency to kill other breast cancer cells was further explored
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by observing its toxicity towards p53 competent MCF-7 cells. In
the present study we found that pyrophen showed cytotoxicity
towards MCF-7 cells. It inhibits the growth of MCF-7 cells in
a concentration-dependent manner. However, its IC_; value is
higher than that of T47D.

Further examination of its potential as an adjuvant to the
existing conventional anticancer drug Dox was conducted.
Adjuvant therapy of Dox with novel or bioactive compounds
is reportedly a promising approach to increase the efficacy of
this drug in breast cancer®? In the present study we found
that although pyrophen is more toxic to T47D cells than to
MCF-7 cells, combining this compound with Dox-treated cells
demonstrated different effects. Pyrophen did not significantly
affect the viability of Dox-treated T47D cells, while a synergistic
effect was seen on Dox-treated MCF-7 cells in combination with
pyrophen. It was interesting to note that adding pyrophen at 9.2
pg/mL to Dox-treated cells increased the S phase population of
T47D cells, indicating that this compound may interfere with
cell cycle progression though S phase modulation. A similar
finding was obtained upon treating T47D with this compound
alone!® Onthe other hand, it is indicated that pyrophen increased
the G2/M population of MCF-7 cells. Combination of Dox with
higher concentrations of pyrophen caused an increase in cell
death as shown by an increase in the sub-G1 population and
apoptotic cells. The decrease in the number of MCF-7 cells in
the G2/M phase may contribute to a shift of the cell population
to the sub-G1 phase.

The difference in response upon treatment of T47D and MCF-7
cells with pyrophen might be explained by the fact that these
two breast cancer cell lines have different characteristics in
that T47D cells are p53 defective mutants while MCF-7 bear
p53 wild type.?’ The accumulation of T47D cells in the S
phase may be in part due to the inability of cells to promote
p53-dependent cell death and rely on S phase arrest following
pyrophen treatment. Tumor cells that have a mutation on p53

have been reported to be resistant to DNA-damaging agents
and diminish response to apoptosis-inducing agents.??2* MCF-7
cells, however, arrest at the G2/M phase upon treatment with
Dox and further promote G2/M arrest upon combination with
pyrophen. The functional p53 in MCF-7 cells may contribute to
the additional increase in the G2/M cell population. Upon DNA
damage, ATM and/or ATR kinase are activated, which then
phosphorylate Chk1/Chk2, causing the inactivation of cdc25
phosphatase and thus preventing entry into mitosis. The ATM/
ATR also phosphorylates p53 on S15, leading to increased
transcription of p21%f/Cel GADD45, and 14-3-3, proteins, which
are suggested to be responsible for maintaining G2 arrest.?4?°
Adding a higher concentration of pyrophen to the Dox-treated
MCF-T7 cells, however, led to cell death, which suggested that
p53 may shift its function from promoting arrest to induction of
apoptosis. Further research is needed to examine the effect of
pyrophen in regulating apoptosis.

CONCLUSION

Pyrophen induced cytotoxicity towards MCF-7 cells and this
effect was synergistic upon treatment with Dox. This compound
induced accumulation of Dox-treated MCF-7 cells in the G2/M
phase. Dox-treated T47D cells accumulated in the S phase upon
treatment with pyrophen, suggesting a different mechanism in
regulating cell cycle progression in these two cell lines.
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ABSTRACT N

Objectives: The aim of this study was to develop an herbal topical sunscreen formulation based on some fixed oils in combination with some
medicinal plants.

Materials and Methods: The crude and purified extracts were screened for their phytochemical profile and their sun protection potentials. Based on
our results, Elaeagnus angustifolia purified extract (EAPE), sesame oil, and sea buckthorn oil were selected for the development of the sunscreen
formulation. The developed sunscreen formulations containing different concentration of EAPE were evaluated for their different physicochemical
properties and stability.

Results: The results of the phytochemical analysis revealed the presence of phenolic compounds and flavonoids in all tested extracts. EAPE,
sesame oil, and sea buckthorn oil showed the highest absorption in the ultraviolet region. The sun protection factor (SPF) value of the developed
formulations containing different concentration of EAPE was in the range of 6.37+0.14 to 21.05+0.85. The sunscreen formulation containing 6%
EAPE was stable for 8 weeks in an oven (40 °C) and refrigerator (4 °C).

Conclusion: The findings of this study revealed a higher sun protection capacity of EAPE than the other plant extracts. Sunscreen formulations
containing 6% EAPE showed promising SPF values. However, further in vivo studies are highly recommended to prove further the safety and
efficacy of our developed sunscreen formulation.

Key words: Sunscreen, UV filter, emulgel, Elaeagnus angustifolia

O |

Amag: Bu galismanin amaci, bazi tibbi bitkiler ve sabit yaglar kullanilarak bir bitkisel glines koruyucu gelistirmektir.

Gereg ve Yontemler: Sabit yaglarin ham ve saflastirilmis ekstreleri, fitokimyasal profilleri ve glines koruma potansiyelleri agisindan taranmistir. Elde
edilen sonuglara dayanarak, giines koruyucu formulasyonunun gelistirilmesi igin Elaeagnus angustifolia saflastirilmis ekstresi (EAPE), susam yagi
ve yabani igde yagi segilmistir. Farkli EAPE konsantrasyonlari igeren gelistirilmis glines koruyucu formdilasyonlar, farkli fizikokimyasal 6zellikleri ve
stabiliteleri agisindan degerlendirilmistir.

Bulgular: Fitokimyasal analizler, test edilen tim ekstrelerde fenolik bilesiklerin ve flavonoitlerin varligini géstermistir. EAPE, susam yagi ve yabani
igde yag|, ultraviyole bdlgede en yiiksek absorbsiyon gostermistir. Farkli EAPE konsantrasyonlari igeren gelistirilmis formulasyonlarin gtines koruma
faktort (SPF) degerlerinin, 6,37+0.14 ile 21,05+0,85 araliginda oldugu bulunmustur. Gelistirilen 6% EAPE igeren giines koruyucu formtlasyonunun
kurutma firininda (40 °C) ve buzdolabinda (4 °C) 8 hafta siresince stabil oldugu tespit edilmistir.

Sonug: Bu galismanin bulgulari, EAPE'nin diger bitki ekstrelerden daha ytiksek giines koruma kapasitesine sahip oldugunu géstermistir. %6 EAPE
iceren giines koruyucu formilasyonun umut verici bir SPF degerine sahip oldugu bulunmustur. Bununla birlikte sonuglara gére gelistirdigimiz
glines koruyucu formdlasyonun givenilirligini ve etkinligini kanitlamak igin ek in vivo galismalarin yapilmasi oldukga dnemlidir.

Anahtar kelimeler: Gunes koruyucu, UV filtresi, emulgel, Elaeagnus angustifolia
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INTRODUCTION

Exposure to solar ultraviolet (UV) radiation for a long time
causes a variety of skin damage. Sunburn, skin pigmentation,
premature aging, and photocarcinogenesis are some examples
of skin damage due to UV radiation.> The main mechanism
of skin damage by UV radiation is the formation of reactive
oxygen species (ROS) that interact with proteins and lipids and
subsequently alter them.® UVC (200-280 nm), UVB (280-320
nm), and UVA (320-400 nm) are three subcategories of the
UV region. UVB and to a lesser extent UVA are responsible for
inducing skin damage.*3

Although sunscreens have shown efficacy in prevention of
sunburn, several studies indicate that they are not effective in
prevention of skin carcinoma and premature aging.®” Currently
it is very well understood that ROS are the main cause of skin
damage such as skin cancer, actinic keratosis, and photoaging
that happen due to chronic exposure to sunlight. Thus, the
incorporation of antioxidants in addition to UV filters in
formulations of sunscreens can improve the performance of
sunscreens in the prevention of skin cancer and photoaging.>®?

Herbal extracts and oils have complex compositions, resulting
in the exhibition of different effects, such as antioxidant,
sun blocking, anti-inflammatory, and immunomodulatory.®!
Moreover, the efficacy of herbal extracts in improving skin
appearance and treatment of various skin diseases is very well
understood. Plants due to their antioxidant potential are known
as an attractive option to be used in sunscreen formulations for
the prevention of skin damage due to solar radiation.>®%12

Afghanistan is a mountainous country with a rich plant flora
encompassing valuable nutritional and medicinal plants. The
Afghan plant flora is estimated to be composed of around 3500
species (with 25-30% endemics).® The present work was
designed in order to evaluate the sun protective potential of
extracts and fixed oils extracted from some medicinal as well
as nutritional plants growing in Afghanistan. In this research,
sea buckthorn [Hippophae rhamnoides L. (H. rhamnoide)] ripe
fruit oil, olive (Olea europaea) fruit oil, and sesame (Sesamum
indicum) seed oil were tested by in vitro method for their
sun protective potential. Similarly, Alhagi pseudalhagi (A.
pseudalhagi) herbs and Elaeagnus angustifolia (E. angustifolia)
leaf extracts were screened for their phytochemical profile
and sun protective potential. According to the results obtained
from the preliminary studies on the sun protection potential of
the aforementioned plants and fixed oils, a topical sunscreen
formulation was developed.

MATERIALS AND METHODS

Chemicals

Different solvents such as methanol (MeOH) (Merck), ethanol
(Merck), ethyl acetate, hexane (Sigma-Aldrich), petroleum
ether (Sigma-Aldrich), and diethy!l ether (Riedel-deHaen) were
used in different steps of the extraction processes. Cetosteary!
alcohol (CDH), butylated hydroxy toluene (BDH), sodium laury!l
sulfate (BDH), propylene glycol (CDH), methyl paraben (BDH),
propyl paraben (BDH), and xanthan gum (BDH) were used for
preparation of the emulgel formulation.

Collection and identification of plant materials

Mature fruits of H. rhamnoides were collected from Kapisa
Province, located north of Kabul. Fresh leaves of E. angustifolia
(family Elaeagnaceae) were collected from Paghman, a western
district of Kabul Province. Aerial parts of A. pseudalhagi at
blooming time were collected from the campus of Kabul
University. The olive and sesame oils were procured from local
markets in Jalalabad and Jowzjan, respectively.

All of the collected plants were botanically identified in the
Pharmacognosy Dept., Kabul University (KU) by Prof. M.N.
Sediqgi. Prepared herbarium sheets of identified plants were
kept as further reference in the herbarium of the Pharmacy
Faculty, KU. The plant parts, after being shade dried, were
ground into coarse powder and passed through mesh no: 1400,
and then were used in further experiments.

Preparation of crude extracts of the plants

Twenty grams of powdered A. pseudalhagi herb and powdered
E. angustifolia leaves were extracted in a Soxhlet extractor
at 70 °C, and 70% MeOH was used as solvent. The obtained
MeOH extracts were filtered through filter paper (Whatman
Number 1), and then were subjected to concentration at 40 °C
under reduced pressure to get the crude semisolid extracts.
For complete drying of the semisolid extracts, a drying oven
(Yamato DX601) adjusted to 60 ‘C was used. Similarly, 20 g
of dried powdered fruits of H. rhamnoides was extracted by
n-hexane at 70 °‘C using a Soxhlet extractor. The obtained
extract was concentrated at 30 °C under reduced pressure in
a Rotavapor to get H. rhamnoides fixed oil (HRO). The obtained
orange colored HRO was further dried in an oven (60 °C) to
ensure complete removal of n-hexane (used as solvent) and
constant weight of the HRO.

Purification of the methanolic extracts

The crude methanolic extracts of A. pseudalhagi purified extract
(APCE) and E. angustifolia crud extract (EACE) were separately
subjected to further purification by slightly modifying a method
previously described by Jarzycka et al* Methanolic solutions
of EACE and APCE were separately prepared in aqueous MeOH
(70%), which were then extracted by their equal volume of
petroleum ether (4 times). The methanolic fractions of both
extracts were dried and then their aqueous solutions in hot
distilled water were prepared. Ascorbic acid was added to the
aqueous extracts (0.5 mg/g) and the obtained mixtures were
kept for 24 hin the refrigerator. Then the mixtures were washed
with diethyl ether (5 times). Next, ethyl acetate (5 times) was
used in extraction of the aqueous phases. The obtained ethyl
acetate fractions of each plant’'s extracts were concentrated
and dried to obtain purified extract of E. angustifolia (EAPE) and
purified extract of A. pseudalhagi (APPE).

Dried extracts were separately dissolved in hot distilled
water, followed by the addition of ascorbic acid (0.5 mg/g).
The mixtures were kept in the refrigerator for 24 h and then
were extracted with diethyl ether (5 times). Next, the aqueous
fractions were extracted with ethyl acetate (5 times). The ethyl
acetate fractions of each plant’s extracts were dried and labeled
as APPE and EAPE, which were used in further studies.
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Qualitative phytochemical screening of the extracts

Stock solutions of EACE, EAPE, APCE, and APPE were
separately prepared in MeOH (2 mg/mL) and were subjected to
qualitative phytochemical tests as per prescribed methods'™®
for detection of the phytochemical classes present in the test
extracts. The results of the qualitative phytochemical screening
are presented in Table 1.

Detection of alkaloids

The following qualitative tests were performed for assessing
the presence of alkaloids in the test extracts:

Dragendorff's test: Two milliliters of sample solution placed in
a test tube was treated with 3 drops of Dragendorff's reagent.
Formation of an orange red/brown precipitate indicates the
presence of alkaloids.®

Hagers’ test: Three drops of picric acid saturated solution were
dropped on 2 mL of sample solution in a test tube. Appearance
of yellow-whitish precipitate is proof of detection of alkaloids.”®

Mayer's test: Three drops of potassium mercuric iodide solution
were added to a test tube containing 2 mL of the sample
solution. Appearance of a creamy or yellow precipitate shows
the existence of alkaloids in test solution.”®

Wagner's test: Three drops of solution of iodine were dropped
on 2 mL of test solution in a clean test tube, and was observed
for the formation of a brown or reddish-brown precipitate.®

Detection of phenols

FeCl, test: Three drops of solution of 1% FeCl, were dropped
onto 2 mL of sample solution in a clean test tube. Appearance
of an intense greenish-black color shows the existence of
phenolic compounds in the test sample.'®

Lead acetated test: One milliliter of 10% solution of lead acetate

was added to a test tube containing 2 mL of extract solution and
was observed for the appearance of a bulky white precipitate.”

Detection of flavonoids

Alkali reagent test: About 3 drops of aqueous solution of NaOH
(1 N) were added dropwise to 2 mL of extract solution, and
it was observed for the appearance of a yellow-orange color
gradually increasing by addition of alkali drops. Adding some

Table 1. Results of phytochemical screening of plant extracts

No. Phytochemicals EACE EAPE APCE APPE
1 Alkaloid - - - -
2 Phenols
FeCl, test
Lead acetate test +
3 Flavonoids
Alkali R. test

Ammonia test
Shinoda test

4 Tannin
Gelatin test + - + -

EACE: Elaeagnus angustifolia crud extract, EAPE: Elaeagnus angustifolia purified
extract, APCE: Alhagi pseudalhagi crud extract, APPE: Alhagi pseudalhagi purified
extract

drops of diluted hydrochloric acid will diminish the intensity of
the color produced.>®

Ammonia test: A strip of filter paper impregnated with the test
solution while dried was subjected to ammonia vapor. If an
orange-red or yellow color appears on this strip, it shows the
presence of flavonoids in the test extract.®

Shinoda test: Three drops of concentrated hydrochloric acid
were added to 3 mL of test solution containing a small quantity
of magnesium turnings, and it was left for completion of the
reaction. If a pinkish color appears, it shows the existence of
flavonoids in the test solution.”®

Detection of tannins

Gelatin assay: About 2 mL of an aqueous solution containing 1%
gelatin and 10% NaCl was mixed with 2 mL of sample solution
in a clean test tube. If a whitish precipitate or a milky color
forms, it shows that tannins are present in the test solution.””

Measuring the UV spectrum of the extracts and fixed oils

Methanolic solutions (100 ug/mL) of the extracts were separately
prepared and were screened for their absorbance spectra in
the range of 290 to 400 nm, using a UV spectrophotometer
(Shimadzu UV mini 1240).2° Similarly, hexane solutions of
the fixed oils (1:100) were separately prepared and their
absorbances in the range of 290 to 400 nm were recorded.?
The UV spectrum of extracts and fixed oils are shown in Figure
1 and Figure 2 respectively.

Preparation of sunscreen emulgel

The sunscreen formulation was developed from sesame oil,
HR oil, and EAPE, which had shown the highest sun blocking
properties in preliminary studies. The components of the
emulgel base are presented in Table 2. The sunscreen was
prepared by adding different concentrations of the EAPE (where
x=2%, 4%, 6%, and 8%) to the formulation. The procedure for
the preparation of emulgel involved the preparation of a gel
phase by dissolving xanthan gum in a portion of purified hot
water (80 °C) containing the appropriate amount of polyphenol
fraction. Then it was left for 1 h to form a homogeneous gel.
The oil and aqueous phases were heated separately to about 60
°C and then the aqueous phase was added to the oil phase with
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Figure 1. UV spectrum of methanolic solution of plant extracts at final
concentration of 100 pg/mL

UV: Ultraviolet, EACE: Elaeagnus angustifolia crud extract, EAPE: Elaeagnus angustifolia
purified extract, APCE: Alhagi pseudalhagi crud extract, APPE: Alhagi pseudalhagi
purified extract, ABS: Absorbance of sunscreen product
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continuous stirring. Afterward, the gel phase was added to the
mixture and the formulation was mixed vigorously to cool the
emulgel to room temperature.
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Figure 2. UV spectrum of Hippophae rhamnoides oil, olive oil, and sesame
oil diluted 1:100 in hexane
UV: Ultraviolet, HR: Hippophae rhamnoides

Table 2. Ingredients included in emulgel formulation

Ingredients Weight %
Phase A (oil phase)

Sesame oil 14.5
Hippophae rhamnoides oil 0.5
Cetostearyl alcohol 5
Butylated hydroxy toluene 0.05
Phase B (aqueous phase)

Sodium lauryl sulfate 0.55
Propylene glycol 5
Methyl paraben 0.2
Propy! paraben 01
Purified water gsp
Phase C (gel phase)

Xanthan gum 0.5
EAPE X
Purified water qsp

EAPE: Elaeagnus angustifolia purified extract

Physicochemical evaluation of the developed sunscreen
formulations

Formulations containing different concentrations of EAPE were
evaluated in terms of emulsion type, color, spreadability on the
skin, precipitate, pH, and sun protective factor (SPF).

Determination of pH

To measure the pH of the sunscreen formulation, 1 g of the
sample was weighed and diluted with distilled water up to 10
mL. The diluted sample was homogenized and then the pH of
the sample solution was measured using a HM-25G model pH
meter.?? The pH values of formulations containing different
concentrations of EAPE are shown in Table 3.

Determination of precipitation

The centrifugation test provides information very quickly
regarding the physical stability of the emulsion based system.
To perform this test, 1 g of sample was weighed and centrifuged
for 30 min at 3000 rpm. Then the weight of supernatant
(separated phase) was measured.?

In vitro determination of the sun protective factor of the
developed sunscreen formulations

Usually the SPF is used to express the sun protective capacity of
sunscreens.?* There are many various in vivo and in vitromethods
for determination of the SPF of sunscreen formulations. In the
current work, the in vitro spectrophotometric method that was
developed by Mansur et al.?*?> was used to measure the SPF of
the sunscreen formulations containing different concentrations
of EAPE. Ethanolic solutions of sunscreen formulations at the
final concentration of 2 uL/mL were prepared. The absorption
of samples was recorded in the range of 290-320 nm, every 5
nm using a UV-visible spectrophotometer (Shimadzu UV mini
1240). The SPF of the sunscreen formulations was calculated
using the Mansur equation. Measurements were performed
in triplicate and the results were shown as mean + standard
deviation (SD).

320

SPF:CFZ EEO) (V) ABS (W),

290
where CF: Correction factor (=10), ABS (A): Absorbance of
sunscreen product, EE (A): Erythemal effect spectrum, and |
(M): Solar intensity spectrum. The values of EEx| are constant,
predetermined, and presented in Table 4.%

Table 3. Physical characteristics and SPF of emulgel formulation containing different concentrations of EAPE

Blank SUNF 2% SUNF 4% SUNF 6% SUNF 8%
Color Light yellow Yellow Yellowish brown Brown Brown
Emulsion type Oo/W Oo/W Oo/W o/W Oo/W
Spreadability on the skin Suitable Suitable Suitable Suitable Suitable
pH 8.04+0.16 7.75£0.12 7.32+0.12 6.86+0.09 6.39+0.06
Precipitation - - - - -
SPF 0.27+0.08 6.37+0.14 11.59:0M1 16.03+0.12 21.05£0.85

EAPE: Elaeagnus angustifolia purified extract, SPF: Sun protective factor, SUNF: Sunscreen formulation
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Physical stability evaluation of sunscreen formulation

Pharmaceutical or cosmetic products should be stable during
their shelf life. Since the formulation containing 6% extract had
higher SPF and at the same time did not produce any color
on the skin, it was selected for conducting physical stability
studies. The stability studies were conducted in two storage
conditions (oven at 40+2 °C and refrigerator at 4+2 °C) for 8
weeks. The formulation was packaged in glass containers. The
pH, SPF, precipitation, and organoleptic properties of samples
were checked 7, 14, 21, 28, and 56 days after preparation. Each
test was performed in triplicate and the results were recorded
as mean * SD, as shown in Tables 5 and 6 and Figures 3 and 4.

Statistical analysis

All measurements were conducted in triplicate and the results
are presented as mean + SD. MS Excel 2016 was used for the
statistical analysis. To assess the difference between different

Table 4. Value of EEx| used in the calculation of SPF?¢

EExI Wavelength (nm)
0.015 290
0.0817 295
0.2874 300
0.3278 305
0.1864 310
0.0839 315
0.018 320

EE: Erythemal effect spectrum, I: Solar intensity spectrum

variables, one-way ANOVA and Student’s t-test were used. All
analysis was performed at the 5% significance level (p<0.05).

RESULTS AND DISCUSSION

Phytochemical screening of the plant extracts

The phytochemical screening involved the detection of
flavonoids, phenolic compounds, tannins, and alkaloids in the
extracts. The results are shown in Table 3. The result of the
alkaloids test was negative. Based on our findings, all extracts

contain flavonoids and phenolic compounds, while the purified
A B

Storage time (weeks) Storage time (weeks)

Figure 3. SPF changes in formulation containing 6% EAPE during 8 weeks'
storage at 40 °C (A) and 4 °C (B)
SPF: Sun protective factor, EAPE: Elaeagnus angustifolia purified extract

4

Figure 4. pH changes in formulation containing 6% EAPE during 8 weeks'
storage at 40 °C (C) and 4 °C (D)
EAPE: Elaeagnus angustifolia purified extract

Table 5. SPF and physical characteristics of emulgel formulation during 8 weeks’ storage in the oven (40 °C)

Oven (40 °C)

Week 1 Week 2 Week 3 Week 4 Week 8
SPF 15.92+0.34 15.53+0.48 15.60+0.25 15.77+0.51 15.26+0.84
pH 6.77+0.13 6.78+0.07 6.77+0.11 6.72+0.03 6.67+0.09
Precipitation 0+0 0+0 0+0 0+0 0+0
Phase separation - - - - -
Color change SLD SLD SLD SLD SLD

SPF: Sun protective factor, SLD: Slightly darker than the sample at the time of preparation

Table 6. SPF and physical characteristics of emulgel formulation during 8 weeks’ storage in the refrigerator (4 °C)

Refrigerator (4 °C)

Week 1 Week 2 Week 3 Week 4 Week 8
SPF 1617+0.15 15.60+0.21 15.77+£0.26 15.95+0.11 15.54+0.26
pH 6.82+0.15 6.82+0.2 6.81+0.15 6.81+0.19 6.84+0.08
Precipitation 00 00 00 00 0+0

Phase separation - -

Color change - -

SPF: Sun protective factor
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extracts (EAPE and APPE) were free of tannins. This may have
been due to the low solubility of tannins in ethyl acetate.

Sun protective capacity of extracts and fixed oils

The UV spectra of the EACE, EAPE, APCE, and APPE are
presented in Figure 1. The UV spectra of all plant extracts
indicated that they have sun protective capacity in both the
UVA and UVB regions. For nearly all extracts, the absorption
was constant in the range of 290 to 370 nm and it decreased
after 370 nm. The order of UV absorption of the tested extracts
was EAPE > APPE > EACE > APCE. The purified extracts had
higher absorption than the crude (methanolic) extracts. In
the present research work the extracts were purified by the
method previously developed by Wolski et al.?® for extraction
of polyphenolic fractions!*?” Polyphenols and flavonoids have
been reported as sun protective agents in many published
articles.?0?30 Thus the increased UV absorption by the
methanolic solution of EAPE and APPE may be due to the higher
concentrations of polyphenol and flavonoid compounds in the
purified extracts. The UV spectra profile of the oil component
including olive oil, sesame oil, and HRO is presented in Figure
2. Sesame oil and olive oil have negligible absorption compared
with HRO. Olive oil has nearly the same absorption profile in
both the UVA and UVB regions, but sesame oil showed more
absorption in the range of 290 to 310 nm. Therefore, sesame
oil can provide better protection in the UVB region than olive oil
can. Thus sesame oil was selected for use in the formulation.
HRO showed very interesting absorption in both the UVA and
UVB regions. In the present research work the oil of full dried
fruit (seed and pulp) was extracted using hexane. This oil
showed much higher absorption than the oil that was obtained
from HR seeds by other researchers.® The oil obtained from the
full dried fruit (seed and pulp) had a strong orange color, which
limited its use in high concentration in topical formulations.

Physicochemical properties and SPF of the sunscreen
formulations

The physicochemical evaluation and SPF results of formulations
containing different concentrations of EAPE are shown in Table
3. Incorporation of different percentages of the extract into the
base cream caused some changes in the organoleptic properties
of the emulgel formulations. The color of formulations ranged
from light yellow for blank to brown for sunscreen formulation
containing 8% EAPE (SUNF 8%). Following the administration
on the skin, with the exception of SUNF 8%, none of them
produced any color on the skin. Therefore, the sunscreen
formulation containing 6% EAPE (SUNF 6%) was selected for
conducting stability studies, because it possessed higher SPF
and did not color the skin. All formulations showed suitable
viscosity and they easily were spread on the skin. The addition
of extract into the base cream did not cause any visible change
in the apparent viscosity or spreadability of the formulations.
However, the formulations containing the extracts seemed to
be less greasy. The pH of the formulations was in the range
of 8.03 to 6.39. In the sunscreen formulations as the extract
concentration increased, the pH value of the formulations
decreased. There was a negative linear correlation (R?=0.993)

between the pH and concentration of extract in the sunscreen
formulation. Our result is in agreement with other researchers’
work.?%?2 The pH value of the skin is in the range of 5to 5.5.% In
an ideal situation, especially in the case of topical formulations
that are used frequently, the pH of a topical formulation should
be slightly acidic in the range of 5 to 5.5. However, in practice, a
pH range of 5-7 is acceptable for topical formulations.®* Thus,
SUNF 6% and SUNF 8% have a pH in the range 5-7, which is
acceptable for topical formulations. The SPF of formulations
varied from 0.27+0.08 for the base emulgel to 21.05+0.85 for
the formulation containing 8% EAPE, as shown in Table 3. The
SPF of the base emulgel was negligible (0.27+0.08), but the
addition of extracts to the base cream caused a considerable
increase in the SPF value of the emulgel formulations. There
was a positive linear correlation (R?=0.999) between the SPF
and concentration of the extract in the sunscreen formulations.

Physical stability of the sunscreen formulations

Tables 5 and 6 summarize the physical characteristics of the
sunscreen formulations stored in the oven at 40 °C and in the
refrigerator at 4 °C, respectively. The following parameters
were assessed for monitoring the physical stability during the
8 week storage period: SPF, pH, precipitation, occurrence of
phase separation, and color change. These characteristics
were observed at 40 °C (oven) and 4 °C (refrigerator) for
8 weeks. The centrifugation test provides fast and reliable
information regarding the stability properties of formulations.
There was no phase separation in the samples during storage
in either condition. Even after the centrifugation, no phase
separation was observed. There were minor changes in SPF
values of formulations during storage at 40 °C (oven) and 4
°C (refrigerator). Figure 3 shows the changes in the SPF of
the sunscreen formulation containing 6% EAPE. We can say
that there were no significant differences between the SPF of
formulations over 8 weeks and the SPF values were stable. The
pH of a topical formulation is an important characteristic that
should be compatible with the formulation’s other components
and with the application site to avoid irritation. Thus measuring
the pH of the formulation is necessary to ensure that the pH is
stable during storage. pH changes in the sunscreen formulation
containing 6% EAPE are presented in Figure 4. The pH value
changes were in the range of 6.86+0.13 to 6.67+0.09 and from
6.86+0.13 to 6.84+0.08 for samples stored in the oven and
refrigerator, respectively. There were no significant differences
in the pH of the formulation over 8 weeks. It was observed that
the pH of the formulation was stable for 8 weeks in the two
storage conditions. It was observed that during the storage
time (oven and refrigerator) the organoleptic properties of
the formulation were stable. The only change was related to a
negligible color change in the sample that was kept in the oven.
The color of the formulation seemed to be darker. This change
was observed after 1 week.

CONCLUSION

In the present era, sunscreens are extensively used to prevent
UV-induced skin damage including sunburn, early aging,
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and skin cancers. Recent research revealed that most of the
synthetic sunscreens produce unwanted effects either in the
short or long term of their application on the skin. Thus, there
is an enormous need for effective and safe UV-filters around
the world, particularly of natural origin. Fortunately, natural or
herbal sunscreens are preferred because of being enriched
with natural and safe compounds as compared with synthetic
products. Based on the findings in the current work, the EAPE,
which is rich in both flavonoids and polyphenols, exhibited high
sun protective capacity. In the present work, the topical herbal
sunscreen formulation containing sesame oil, HRO, and 6%
EAPE showed an SPF value of 16.03 and was stable during
8 weeks' storage in the refrigerator at 4 ‘C and oven at 40
°C. However, further in vivo studies are highly recommended
to further prove the safety and efficacy of the developed
sunscreen formulation.
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A Synbiotic Mixture Augmented the Efficacy of
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ABSTRACT N

Objectives: Currently available antidepressant drugs have notable downsides; in addition to their side effects and slow onset of action their
moderate efficacy in some individuals may influence compliance. Previous literature has shown that probiotics may have antidepressant effects.
Introducing complementary medicine in order to augment the efficacy of therapeutic doses of antidepressant drugs appears to be very important.
Therefore, the effect of adding a synbiotic mixture to drinking water was assessed in a mouse model of depression following the administration of
three antidepressant drugs belonging to different classes.

Materials and Methods: The marble burying test (MBT) and forced swimming test (FST) were used as animal models of obsessive behavior and
despair. The synbiotic mixture was administered to the mice’s drinking water (6.25x10° CFU) for 14 days and the tests were performed 30 min after
the injection of the lowest dose of doxepin (1 mg/kg), venlafaxine (15 mg/kg), and fluvoxamine (15 mg/kg) on days 7 and 14.

Results: After 7 days of ingestion of the synbiotic mixture, immobility time decreased in the FST for doxepin (92+5.5 s) and venlafaxine (17.3+2.5
s) compared to the control group (drinking water), but fluvoxamine decreased immobility time after 14 days of ingestion of the synbiotic mixture
(70+7.5 s). Preadministration of the synbiotic mixture improved the MBT test response for venlafaxine, while it did not change the results for the
other two drugs.

Conclusion: Adding the synbiotic mixture to drinking water improved the efficacy of discrete antidepressant drugs particularly during the FST.
Probiotics could be a useful complementary medicine for drug-resistant depressed individuals.

Key words: Probiotic, synbiotic, depression, antidepressant, forced swimming test, complementary medicine
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Amag: GuUnumizde temin edilebilen antidepresan ilaglarin belirgin dezavantajlari vardir; yan etkilerine ve yavas etki etmelerine ek olarak, orta
derecedeki etkinlikleri bazi kisilerde hasta uyuncunu etkileyebilir. Daha 6nceki literattr bilgileri probiyotiklerin antidepresan etkilere sahip
olabilecegini gostermistir. Antidepresan ilaglarin terapétik dozlarinin etkinligini artirmak igin tamamlayici tibbin etkisinin gok 6nemli oldugu
dustndlmektedir. Burdan hareketle, bu galismada igme suyuna sinbiyotik bir karisimin eklenmesinin etkisi, farkli siniflara ait ¢ antidepresan ilacin
uygulanmasini takiben fare depresyon modelinde degerlendirilmistir.

Gereg ve Yontemler: Obsesif davranis ve umutsuzlugun hayvan modeli olarak misket ggmme testi (MBT) ve zorunlu ytzme testi (FST) kullanilmistir.
Sinbiyotik karigim, farelerin igme suyuna (6,25x10¢ CFU) 14 giin boyunca uygulanmis ve testler, 7. ve 14. giinlerde en dusiik dozda doksepin (1 mg/
kg), venlafaksin (15 mg/kg) ve fluvoksamin (15 mg/kg) enjeksiyonundan 30 dakika sonra yapilmistir.

Bulgular: Sinbiyotik karisimin 7 giin streyle uygulanmasindan sonra, doksepin (92+5,5 s) ve venlafaksin (17,3+2,5 s) igin FST'de kontrol grubuna
(igme suyu) kiyasla hareketsizlik stresi azalmis, ancak fluvoksamin ile, sinbiyotik karigimin 14 gin sireyle uygulanmasindan (70+7,5 s) sonra
hareketsizlik stresi azalmistir. Sinbiyotik karisimin énceden uygulanmasi venlafaksin igin MBT test yanitini gelistirmis, diger iki ilacin sonuglarini
degistirmemistir.

Sonug: Sinbiyotik karisimin igme suyuna eklenmesi, 6zellikle FST sirasinda ayri antidepresan ilaglarin etkinligini arttirmistir. Probiyotikler, ilaca
direngli depresif bireyler igin yararli bir tamamlayici olabilir.

Anahtar kelimeler: Probiyotik, sinbiyotik, depresyon, antidepresan, zorunlu ytizme testi, tamamlayici tip
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INTRODUCTION

Probiotics are live organisms that when chronically ingested in
adequate amounts could induce beneficial effects in the host!
Single strain probiotics or their combinations are useful for a
variety of diseases, including gastrointestinal (Gl) disorders
such as inflammatory bowel disease, diarrhea, Irritable
Bowel syndrome (IBS), and allergies.? This is now even being
extended to some ailments of the central nervous system
(CNS).34 Gut bacterial microorganisms have two dominant
genera, Bacteroidetes and Firmicutes, while other types have
lower abundance, for instance Proteobacteria, Actinobacteria,
and Fusobacteria.® Evidently, the brain-gut axis is a bidirectional
homeostatic route and so its aberration may cause important
pathophysiological results® The high risk of co-existing
psychiatric symptoms such as anxiety with Gl disorders, for
instance IBS, provides further evidence of the importance of
this axis.® The brain-gut axis is connected not only by complex
systems including the vagus nerve, endocrine, immune, and
humoral links but also the gut microbiota in order to maintain
Gl stability and to connect cognitive and emotional areas of the
brain with Gl functions.”

Major depressive disorder is the most common mood disorder,
affecting 5% of the population each year.? Several mechanisms
are involved in its pathogenesis, such as altered monoaminergic
(serotonergic, noradrenergic, and dopaminergic) and
glutamatergic systems, increased inflammation, hypothalamic-
pituitary-adrenal (HPA) axis aberrations, and decreased
neuroplasticity.” Probiotics have shown antidepressant
effects in animal models of depression. Species of the genus
Lactobacillus are particularly characterized as antidepressants.”
A probiotic mixture of Lactobacillus strains (L. rhamnosus and L.
helveticus) ameliorated depression by regulating corticosterone
levels in rat pups." Likewise, chronic ingestion of a L. rhamnosus
strain (JB-1) in mice alleviated depressive behavior and caused
regional alteration in GABA receptor expression and since
these changes were not observed in vagotomized mice the
vagus nerve was considered critical for the brain-gut axis.”?
Bifidobacterium species also induce physiologic changes in
favor of antidepressants effects in animal studies; for instance,
B. infantis ameliorated depressive behavior in the maternal
separation model.” In a systematic review regarding the effects
of probiotics on depression in humans most of the studies found
positive results on all values of depressive symptoms, but there
were wide differences in the strain of probiotic, the dosing, and
the duration of treatment.* The possible mechanisms that were
considered for antidepressant effects of B. infantis by use in a rat
model were reduction of pro-inflammatory cytokines, alteration
of tryptophan metabolism, and CNS neurotransmitters.”® The
combination of Lactobacilli and Bifidobacteria was tested in
depression following post-myocardial infarction (M) in rats.
Administration of L. helveticus and B. longum together had
positive effects on post-MI depression through reduction of
pro-inflammatory cytokines (for instance IL-4) and intestinal
permeability restoration®'” In addition, prebiotics such as
oligosaccharides that stimulate the growth of nonpathogenic

intestinal microflora such as Lactobacilli and Bifidobacteria also
have neurotropic effects.®

Although drug therapy of depression is usually safe and
effective, it is still not ideal because the latency time for
clinical results is quite long (about 3-5 weeks) and there are
still concerns regarding side effects such as loss of libido
and weight gain. Additionally, there are a significant number
of patients that do not respond well to antidepressant drugs,
psychotherapy, and electroconvulsive therapy.” Thus the aim of
the present study was to first observe the effect of a synbiotic
(probiotic + prebiotic) mixture on behavior in an animal model
of depression. Since it has been previously shown'™ that the
probiotics Lactobacilli and Bifidobacteria have antidepressant
effects in animal studies, a manufactured premixed product
was chosen that comprised these genus and also a prebiotic,
fructooligosaccharides. Second, in order to observe the effect
of the synbiotic mixture on the efficacy of antidepressant
drugs from different classes, subthreshold doses of doxepin
[a tricyclic antidepressant (TCA)], venlafaxine [a serotonin-
norepinephrine reuptake inhibitor (SNRD), and fluvoxamine (a
selective serotonin reuptake inhibitor (SSRI] were chosen.

MATERIALS AND METHODS

Animals

Male Swiss mice weighing 23-26 g were housed at 21x2 °C
in a 12-h light/dark cycle with the lights on in the day time 6
am-6 pm. Tap water or the synbiotic mixture and standard
food pellets were available ad libitum. For each experiment
6 mice were used and they were housed 3 per cage. Tests
were performed in the behavior laboratory 24 h after the
mice had become acclimatized to the environment. In order to
minimize the influence of circadian rhythm, all experiments
were performed between 8 am and 1 pm in the pharmacology
laboratory. All animal procedures were approved by the Ethics
Committee of Isfahan University of Medical Science and
performed in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals (Ethical no:
IR.MUI.REC.1395.3.864).

The synbiotic mixture and drug therapy

The synbiotic mixture comprised 10° CFU [Lactobacillus casei, L.
acidophilus, L. rhamnosus, L. bulgaricus, Bifidobacterium breve,
B. infantis, Streptococcus thermophilus, fructooligosaccharides
(a prebiotic); a product of Zist Takhmir, Iran]. The animals had
free access to the synbiotic mixture solution in drinking water
that was prepared freshly each day in three concentrations:
6.25, 12.5, and 25x10¢ CFU (based on pilot studies); the control
animals had tap water ad libitum. The amounts of the synbiotic
mixture solution or normal drinking water ingested by the
animals were measured daily. The therapy continued for 14
days and the tests were performed on days 7 and 14.

The antidepressants were first administered intraperitoneally
alone 30 min before starting the first test. Two doses were
applied for each drug according to previous studies?® and finally
the lowest effective dose (data not shown) was chosen to be



MESRIPOUR et al. Synbiotic Mixture Augmented Antidepressant Drug Efficacy 295

applied following the synbiotic mixture administration. The
selected antidepressants were doxepin 1 mg/kg (Razak, Iran),
venlafaxine 15 mg/kg (Sigma-Aldrich, India), and fluvoxamine
15 mg/kg (Sigma-Aldrich, India). All the drugs were freshly
prepared in normal saline solution and injections were adjusted
for a volume of 10 mL/kg mouse body weight. The selected
dose of each antidepressant drug was administered on days 7
and 14 following the synbiotic therapy (6.25x10¢ CFU), 30 min
before the tests were performed.

Marble burying test (MBT)

The first test was the MBT. This is a method used to evaluate
anxiety behavior and obsessive compulsive behavior. With minor
modification to the method presented by Njung'e and Handley?,
the mice were separately placed in plastic cages (42x24x12 cm)
containing 12 opaque glass marbles (1 cm diameter) that were
distributed evenly over 5 cm of deep sawdust without food or
water for 30 min. The number of marbles at least two-thirds
buried (MB) was counted after 30 min.?

Forced swimming test (FST)

After performing the MBT each mouse was subjected to the
FST. With some modifications?® the mice were forced to swim
in a glass beaker (diameter 14 cm) containing 25 °C water for
6 min. The depth was about 15 cm to prevent the mice from
escaping or touching the bottom of the glass beaker with their
paws or tail. After 2 min of adaptation the total immobility time
was measured by a chronometer in the last 4 min of the trial.
Immobility is defined as the time the animal was floating and
staying still when no additional activity was observed other than
that required to keep the animal’s head above water. Finally the
mice were dried carefully and returned to their home cage.

Data processing and statistical analysis

The results were expressed as group mean + standard error
of the mean. The results were analyzed by One-Way ANOVA,
followed by Tukey's multiple comparison tests and p values less
than 0.05 were considered significant. The software programs
used for data analysis and making graphs were Excel 2010 and
the GraphPad Prism 6.

RESULTS

Daily drinking intake

According to Table 1, daily measurements of the synbiotic
mixture ingestion showed that approximately a dose of 2.4-
9.2x10° CFU/g body weight of synbiotic was ingested.

Effect of the synbiotic mixture on the MBT and FST
The number of marbles buried during the MBT showed that

consuming 12.5x10® CFU synbiotic after 7 days or 14 days
reduced obsessive behavior in the mice (Figure 1A). The
percentage of marbles buried after 30 min on days 7 and 14 of
ingesting the middle concentration of the synbiotic mixture was
25% and 41%, respectively, which was significantly (p<0.05)
different from the corresponding control group (50% and 58.3%
on days 7 and 14, respectively; p<0.05). The lowest synbiotic
concentration only reduced MB to a significant amount on day
7 compared to the control animals (33.3% vs 50%; p<0.05).
However, consuming the highest synbiotic concentration
showed opposite results on MB behavior, since the animals
buried more marbles measured after 7 (87%, p<0.001 vs control)
and 14 days of therapy. During the FST the animals that ingested
the synbiotic showed antidepressant behavior as presented in
Figure 1B. After the mice had ingested the synbiotic mixture for
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Figure 1. The effect of 3 concentrations of the synbiotic cocktail ingestion
for 14 days on mouse behavior. A) The MBT the number of marbles at least
two-thirds buried after 30 min, and B) the total immobility time during the
last 4 min in the FST. The tests took place on days 7 and 14; each animal
was first subjected to the MBT and then the FST. Number of animals in each
group was 6; the control animals drank tap water. Results are expressed as
group mean + SEM and analyzed by One-Way ANOVA, followed by Tukey's
post-hoc test. * p<0.05, ** p<0.01, and *** p<0.001 compared with the
control group

MBT: Marble burring test, FST: Forced swimming test, SEM: Standard error of the
mean

Table 1. Daily liquid intake

Synbiotic mixture CFU 6.25x10° 12.5x10° 25x10¢ 0 (Tap water)
Daily intake mL/g body weight 0.38 0.37 0.37 0.39
Daily dose CFU/g body weight 2.375x10¢ 4.625x10° 9.25x10¢ 0

The synbiotic mixture comprised Lactobacillus casei, L. acidophilus, L. rhamnosus, L. bulgaricus, Bifidobacterium breve, B. longum, Streptococcus thermophilus, fructooligosaccharides
(a prebiotic)
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a week the immobility time measured during the FST decreased
in a dose-dependent manner since the highest mixture
concentration (25x10¢ CFU) caused the lowest immobility time
(68.1+2.5 s vs 142.3+4.3 s, p<0.001). After 14 days of synbiotic
ingestion, the animals dose-dependently showed a shorter
immobility time compared with the control animals (139.6+5.4
s); the animals that had ingested the highest concentration of
the synbiotic mixture had the shortest immobility time (58.3+15
s, p<0.00M.

Effect of the synbiotic mixture pretreatment on mouse response
to antidepressants during the MBT and FST

The lowest concentration of the synbiotic mixture (6.25x10°
CFU) was chosen to observe the animals’ behavior during the
MBT and FST on days 7 and 14 after injection of the lowest dose
of each antidepressant drug (Figure 2). The antidepressant
drugs all significantly reduced the number of MB compared
to the control group (Figure 2A, p<0.05). Synbiotic ingestion
significantly influenced the effects of venlafaxine on MB
behavior since the animals significantly buried fewer marbles
compared to those that had drunk water (percentage of MB
decreased from 25% to 7%). However, consumption of the
A
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Figure 2. The effect of drinking the synbiotic mixture and the lowest dose
of antidepressants on mouse behavior. A) The MBT the number of marbles
at least two-thirds buried after 30 min are presented, and B) the total
immobility time during the last 4 min in the FST. Number of animals in each
of the groups was 6; animals ingested the synbiotic mixture (SYN; 6.25x10°)
for 14 days; the control group ingested tap water. The drugs were injected
IP 30 min before testing; each animal was first subjected to the MBT and
then the FST. Results are expressed as group mean + SEM and analyzed
by One-Way ANOVA followed by Tukey's post-hoc test. ** p<0.01 and ***
p<0.001 compared with the probiotic free group. # p<0.01 compared with
the corresponding control groups (the plane bars)

IP: Intraperitoneally, MBT: Marble burying test, FST: Forced swimming test, SYN:
Synbiotic, SEM: Standard error of the mean

synbiotic mixture did not have any considerable effect on the
MB behavior of animals injected with doxepin or fluvoxamine.
On the other hand, drinking the synbiotic mixture increased the
antidepressant effects of the lowest dose of each of the drugs
(Figure 2B). The immobility time decreased dramatically in the
animals that had drunk the synbiotic mixture either for 7 days
(17.3+2.5 s) or for 14 days (60+16 s) prior to the administration
of venlafaxine (p<0.001, vs the venlafaxine alone group 146+1
s). The results for synbiotic drinking prior to doxepin injection
followed the same trend; after 7 days the immobility time
was 92+5.5 s and after 14 days it was 70x7.4 s, which was
decreased significantly compared to the doxepin alone group,
100419 s (p<0.001). The synbiotic effect on fluvoxamine was
slightly different as only after 14 days immobility time decreased
significantly compared to the drug administered alone (70+7.5
s vs 10049 s, p<0.00D.

DISCUSSION

Our results showed that the synbiotic mixture could mitigate
the immobility time in the FST, which denotes its possible
antidepressant effects. Interestingly, only after a week of
ingesting the synbiotic mixture did response to the lowest dose
of the antidepressants increase dramatically. However, the MB
behavior showed variable results. The MB behavior appears to
be just a form of digging, but the behavior in mice has been
used as a model of anxiety disorders including obsessive
compulsive disorder (OCD).> This method is also useful for
evaluating the mechanisms of action of drugs.?® Venlafaxine
(SNRD, doxepin (TCA), and fluvoxamine (SSRD in our set of
experiment clearly reduced the number of marbles buried,
which was parallel with previous literature.?2?® The FST is a
reliable tool for drug discovery in industrial settings where high
quantity screening of new compounds is necessary, as well as
in research regarding complementary medicine.? By leaving
the mouse in the water container it gradually loses hope to
escape the stressful environment, and thus the immobility time
reflects a measure of “behavioral despair”. In the same trend as
previous results, all antidepressant drugs of different classes
that were tested in our study presented antidepressant effects
in mice by reducing the immobility time.?

The daily preparation of the synbiotic mixture in the mice’s
drinking water was based on previous literature that B. infantis
was administered by dissolving a powder containing 10 bacterial
cells in 100 mL of the rats’ drinking water every morning.?
There is also evidence that dead probiotic bacteria or just
integral components of the bacterial cell such as peptidoglycan
fragments or DNA would also be effective.?” Therefore, although
survivability of the mixture was not assessed before the new
batch the next morning the research showed that the content
remained effective. The synbiotic mixture dose-dependently
reduced the immobility time during the FST, which obviously
denotes its antidepressant-like effect in mice. However, a
dose-dependent effect on obsessive behavior was not observed
during the MBT; although lower doses of the synbiotic mixture
reduced the MB behavior, this was not observed with the higher
dose. A high dose of the synbiotic mixture had opposite effects
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on the MBT. The different effects of the synbiotic mixture on
the FST and MBT could be because of the different mechanisms
involved in each test. Earlier research has proven that although
the MBT and FST are invaluable predictive tests of OCD
and antidepressant action, each assay appears to engage
completely distinct neurochemical systems.?® While the FST is
more susceptible to compounds that are effective by altering
activity in the noradrenergic system, the MBT mostly depends
on modulation of the serotonergic system.?® The downside of
our research was that we did not measure the monoamine
neurotransmitters, but this has been proven earlier.?’2° Reports
have shown that chronic gavage of L. plantarum in mice
reduced stress-induced depression-like behaviors, normalized
the HPA axis and immune systems, and modulated the changes
in the dopamine and serotonin system in the prefrontal cortex.?’
Additionally, probiotics changed behavior and the CNS function
in naive adult animals.*® The consumption of a fermented milk
product containing B. aimalis, S. thermophilus, L. bulgaricus, and
L. lactis in healthy women without psychiatric symptoms as
observed by functional magnetic resonance imaging induced
robust alterations in the activity of brain regions that control the
central processing of emotions and sensations.”

Pretreatment with the synbiotic mixture before the administration
of venlafaxine (SNRI) had a synergistic effect on the MBT,
but this synergistic effect was not observed with doxepin or
fluvoxamine. Previous studies on rat models of depression have
reported that the ingestion of probiotics has a role in restoring
the monoamine levels in important brain regions.*™ Therefore,
it is possible that restoring the monoamine level improved
the efficacy of venlafaxine in the MBT. On the other hand, the
synbiotic mixture had a synergistic antidepressant-like effect
on venlafaxine and doxepin (TCA); the antidepressant efficacy
of fluvoxamine (SSRI) only increased after 14 days of synbiotic
ingestion. Several studies have supported the argument that
probiotics can exert psychotropic potential and this effect could
be mediated by alterations in the monoamines. For instance, it
has been shown that B. infantis reverses maternal separation-
induced depressive-like behavior in rats during the FST,® and
at least part of this antidepressant effect is due to elevation
of tryptophan® Previous findings suggest that in naive mice
the probiotic L. plantarum could modulate both serotonergic
and dopaminergic systems,?” and interestingly the probiotic
increased dopamine, 3,4-dihydroxyphenylaceticacid, and
homovanillicacid but there was no change in the dopamine
turnover rate.® Earlier literature advocates that the vagus
mediates the behavioral and neurochemical effects of
probiotics.”'? Nevertheless, the antidepressant effects of the
probiotic mixture may arise independently of any changes to
the monoamine systems; for instance, it may be caused by
attenuation of pro-inflammatory immune responses.®

The results of the present research were not only parallel with
the previous literature regarding the antidepressant effects
of probiotics but also extended it in several ways: first, the
synbiotic mixture could decrease MB behavior. Second, the
cocktail ingested by animals augmented the efficacy of the
SNRI antidepressant venlafaxine during the MBT. Finally, after 7

days of the synbiotic drink it had a synergistic antidepressant-
like effect on venlafaxine and doxepin, and it increased
fluvoxamine efficacy after 14 days. Previous results proved
that fluoxetine and escitalopram have antimicrobial activity
in vitro, and psychotropic medications differentially influence
the composition of gut microbiota in vivo.*> Therefore, adding
probiotics may help to improve the gut microbial composition in
patient receiving antidepressant therapies.

CONCLUSION

Since extrapolating animal results to humans must be done with
caution, further clinical research is warranted regarding adding
synbiotics to drug-resistant patients and adding synbiotics in
order to reduce antidepressant drug dosage and side effects
mainly when SNRI or TCA are administered.
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In Vitro Antimicrobial and Antioxidant Activity of
Biogenically Synthesized Palladium and Platinum
Nanoparticles Using Botryococcus braunii

Botryococcus braunii Kullanarak Biyojenik Olarak Sentezlenmis Paladyum
ve Platin Nanopartikdillerin /n Vitro Antimikrobiyal ve Antioksidan
Aktiviteleri
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ABSTRACT

|
Objectives: The spread of infectious diseases and the increase in drug resistance among microbes has forced researchers to synthesize biologically
active nanoparticles. Ecofriendly procedures for the synthesis of nanoparticles are improving day by day in the field of nanobiotechnology. In the
present study we used extract of the green alga Botryococcus braunii for the synthesis of palladium and platinum nanoparticles and evaluated their
antimicrobial and antioxidant activity.
Materials and Methods: Green alga was collected from Udaisagar Lake, Udaipur (Rajasthan, India) and isolated by serial dilution method and grown
on Chu-13 nutrient medium. The characterization of alga synthesized palladium and platinum nanoparticles was carried out using X-ray diffraction
and scanning electron spectroscopy. The zone of inhibition was measured by agar well plate method and minimum inhibitory concentration
was determined by agar dilution assay for antimicrobial activity. The antioxidant activity of the nanoparticles was also studied by 1,1-dipheny!-2-
picrylhydrazyl method.
Results: Stable palladium and platinum nanoparticles were successfully produced using green alga. The XRD pattern revealed the crystalline
nature and scanning electron micrographs showed the morphology of biogenically synthesized metal nanoparticles. Fourier transform infrared
measurements showed all functional groups having control over stabilization and reduction of the nanoparticles. The green synthesized
nanoparticles exhibited antimicrobial activity against gram-positive and gram-negative bacterial strains, antifungal activity against a fungus, and
antioxidant activity.
Conclusion: The biogenic synthesis of metal nanoparticles can be a promising process for the production of other transition metal nanoparticles
and new nanocatalysts will revolutionize the synthesis of organic heterocycles.
Key words: Palladium, platinum, nanoparticles, antimicrobial, antioxidant, biogenic

(OZ |
Amag: Bulasici hastaliklarin yayilmasi ve mikroplar arasinda gézlenen ilag direncindeki artis, arastirmacilari biyolojik olarak aktif nanopartikdlleri
sentezlemeye zorladi. Nanopartikillerin sentezine yonelik gevre dostu prosedirler, nanobiyoteknoloji alaninda her gegen gtin gelismektedir.
Bu galismada palladyum ve platin nanopartikillerin sentezi igin yesil bir alg olan Botryococcus braunii ekstraktini kullandik ve nanopartikdllerin
antimikrobiyal ve antioksidan aktivitelerini degerlendirdik.

Gereg ve Yontemler: Udaisagar GollU, Udaipur'dan (Rajasthan, Hindistan) yesil alg toplandi ve seri seyreltme yontemiyle izole edildi ve Chu-13
besi yerinde blyutuldu. Alg tarafindan sentezlenmis paladyum ve platin nanopartikdllerinin karakterizasyonu, X-isini kirinimi ve taramali elektron
spektroskopisi kullanilarak gergeklestirildi. inhibisyon alani, agar difiizyon teknigi kullanilarak 6lciildi ve minimum inhibitér konsantrasyonu,
antimikrobiyal aktivite igin agar seyreltme deneyi ile belirlendi. Nanopartikillerin antioksidan aktivitesi de 1,1- difenil-2-picrylhydrazyl yontemi ile
belirlendi.

Bulgular: Kararli paladyum ve platin nanopargaciklar yesil alg kullanilarak basarili bir sekilde tretildi. XRD paterni, kristalin yapiyi dogruladi ve
taramali elektron mikroskobu mikrograflari, biyolojik olarak sentezlenen metal nanopargaciklarin morfolojisini gosterdi. fourier déntsimu
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kizildtesi sonuglari, nanopartikillerin stabilizasyonu ve indirgenmesi tizerinde etkisi olan tim fonksiyonel gruplari géstermistir. Yesil sentezlenmis
nanopartikiller, Gram-pozitif ve Gram-negatif bakteriyel suslara karsi antimikrobiyal aktivite, bir mantara karsi antifungal aktivite ve antioksidan

aktivite gosterdi.

Sonug: Metal nanopargaciklarin biyojenik sentezi, diger gegis metali nanopargaciklarinin Uretimi igin umut verici bir streg olabilir ve yeni

nanokatalizorler organik heterosikliklerin sentezinde devrim yaratacaktir.

Anahtar kelimeler: Paladyum, platin, nanopartikiiller, antimikrobiyal, antioksidan, biyojenik

INTRODUCTION

The green synthesis of metal nanoparticles has three qualifying
characteristics: as an environmentally safe solvent system,
particle-stabilizing capping agents, and ecofriendly reducing
agents! Biological synthesis using algae is one of the green
approaches for the synthesis of d-block metal nanoparticles.
Algae are eukaryotic, photoautotrophic, aquatic, and oxygenic
organisms.?® Algae have more information in their genetic
material to encode various reducing stabilizing agents that
mediate the biogenic synthesis of metal nanoparticles. Algae
acquire energy from sunlight through photosynthesis and
convert inorganic carbon into organic material for their
growth. Since algae are sustainable bioresources, they can be
used largely in the greener synthesis of metal nanoparticles.*
Biogenic synthesis is the alternate route for synthesizing
biocompatible metal nanoparticles to other synthesis processes
such as chemical and physical® It is the newest possible way
of linking nanotechnology and biotechnology in the developing
field of nanobiotechnology.®

Transition metal nanoparticles are regarded as important
because of their biocompatibility, greener approach, ecofriendly
adoptable nature, and photosynthesizing properties.” Many
metal nanoparticles like Cu, Ag, Pt, Au, and Pd were used in
different fields such as catalysts, labeling biological substances,
optoelectronics, photothermal therapy, and biological activities
against microbes. In particular, the biogenic synthesis of
palladium and platinum nanoparticles has attracted the attention
of researchers because it is cost effective, sustainable,
and ecofriendly. Palladium and platinum nanoparticles are
broadly used as heterogeneous and homogeneous catalysts,?
drug carriers, and drugs; in many medical diagnoses without
damaging the DNA structure’ and in cancer treatment; as
nanocatalysts in environment remediation scavenging dyes
from the textile industry; in Suzuki coupling reactions;"° and
they have demonstrated antimicrobial activities" and been
assessed in other disciplines of biological sciences!? There
is a parallel increase in the use of methods for estimating the
efficiency of such nanoparticles as antioxidants.*" One such
method that is currently popular is based upon the use of the
stable free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH)."

Our aim in the present contribution was to synthesize and
characterize palladium and platinum nanoparticles from
aqueous extract of the green alga Botryococcus braunii (B.
braunii) and to evaluate their antimicrobial potential against
bacterial and fungal species and antioxidant efficacy. Our
study can be considered the first report on the synthesis of
palladium and platinum nanoparticles using this green alga. The

methods used are elucidated and the synthesized palladium
and platinum nanoparticles were characterized using different
techniques including ultraviolet (UV) visible spectroscopy,
fourier transform infrared (FTIR) spectroscopy, scanning
electron microscopy, and X-ray diffraction.

MATERIALS AND METHODS

Chemicals and test strains

B. braunii was collected from Udaisagar Lake, Udaipur
(Rajasthan, India). The reagents agar-agar, palladium acetate
[Pd (OAc)Z], and hexachloroplatinic acid (H,PtCl,) were of
analytical grade and were purchased from Sigma Aldrich.
Bacterial strains like Pseudomonas aeruginosa (MTCC 441),
Escherichia coli (MTCC 442), Klebsiella pneumoniae (MTCC
109), and Staphylococcus aureus (MTCC 96) and a fungal strain,
Fusarium oxysporum

Fusarium oxysporum (MTCC 2087) were purchased from
Microbial Type Collection, Chandigarh (India).

Isolation and culturing of B. braunii

This green alga was isolated by serial dilution and grown on
Chu-13 nutrient medium solidified by 1.5% agar-agar. The
composition of the Chu-13 medium was CaNO, (0.300 g/L),
MgSO,.7H.,0 (0.025 g/L), CaCl,.2H,0 (0.027 g/L), K,HPO,
(0.010 g/L), ferric citrate (0.0035 g/L), citric acid (0.0035
g/L), Na,CO, (0.02 g/L), Na,Si0,5H,0 (0.044 g/L), and some
micronutrients!® Algal colonies appearing after 3 weeks of
incubation were isolated and inoculated into liquid medium. For
growth experiments algal species was grown for algal biomass
in an incubator at 27+1 °C, 1.2£0.2 klux light intensity, and 16:8
h light:dark cycle in nutrient medium. After standardization of
optimal culture conditions in Chu-13 medium the best results of
growth of green alga were found.

Preparation of algal extract

The grown algal biomass was centrifuged, shade dried, and 5
g of algal biomass was taken in a 250 mL Erlenmeyer flask
along with 100 mL of distilled water. Then the mixture was
autoclaved for 15 min and filtered through Whatman No. 1 filter
paper. The filtered extract was centrifuged and the supernatant
was used as reducing agent for preparing metal nanoparticles.
The prepared algal extract was kept at 4 °C in a refrigerator for
further experimental use.

Synthesis of palladium and platinum nanoparticles

The nanoparticles were synthesized using the following
processes.
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Palladium nanoparticles: 20 mL of algal extract was mixed
with 80 mL of 1 mM Pd (OAc), aqueous solution in a 250 mL
Erlenmeyer flask at pH 6-7 and put on a magnetic stirrer at 60 °C
for 3 h. Simultaneously, a positive control of Pd (OAc), aqueous
solution and algal extract and a negative control containing only
Pd (OAc), aqueous solution were maintained under the same
conditions. The progress of the process was regularly monitored
by observing color change. In the positive control the initial
pale yellow solution turned dark brown, indicating formation
of palladium nanoparticles, but in the negative control no
change in color was observed. After the formation of palladium
nanoparticles, the solution was centrifuged for 30 min and the
obtained nanoparticles were washed with deionized water to
remove impurities. This process of centrifugation and washing
was carried out three times to achieve better separation of
nanoparticles. The obtained palladium nanoparticles were oven
dried at 70 °C.¥

Platinum nanoparticles: 90 mL of 1 mM aqueous solution
of H,PtCl, was added with 10 mL of algal extract to a 250
mL Erlenmeyer flask at pH 6-7. The mixture was put on a
magnetic stirrer at 95 °C for 4 h. Simultaneously, a positive
control of H,PtCl, aqueous solution and algal extract and a
negative control containing only H,PtCl, aqueous solution were
maintained under the same conditions. In the positive control
the initial light yellow solution turned brown and finally black,
consistent with the formation of platinum nanoparticles, but in
the negative control no change was observed. The synthesized
platinum nanoparticles were separated from the mixture by
centrifugation for 30 min and then washed with deionized water.
This process of centrifugation and washing was repeated three
times and finally the obtained platinum nanoparticles were oven
dried at 58 °C for 4 h."

Characterization of metal nanoparticles

FTIR analyses were carried out on a Perkin-Elmer instrument
in the range of 4000-450 cm™ using dried powders of the
metal nanoparticles. Samples for analysis were prepared
under ambient conditions and mixed with KBr. X-ray diffraction
measurements were carried out on a Philips Xpert Pro XRD
system (DY 1650) for determining the size of the synthesized
metal nanoparticles. Images were obtained with the help of a
scanning electron microscope (SEM) (Model-FEI Quanta 200)
for analyzing the morphology of the nanoparticles.

Evaluation of antimicrobial activity

Test microorganisms

The antimicrobial activity of the platinum and palladium
nanoparticles was studied against two Gram-negative bacterial
strains Pseudomonas aeruginosa (MTCC 441) and Escherichia
coli (MTCC 442), two Gram-positive bacterial strains Klebsiella
pneumoniae (MTCC 109 ) and Staphylococcus aureus (MTCC 96)
and a fungal strain Fusarium oxysporum (MTCC 2087). The
antibacterial and antifungal potential of the nanoparticles was
assessed in terms of zone of inhibition of microbial growth by
agar well plate method and minimum inhibitory concentration
was determined by agar dilution assay.

Agar well plate method

Bacterial cultures were maintained in petri plates containing
nutrient agar medium at 37 °C. The medium was prepared
containing 10 g of beef extract, 2 g of yeast extract, 5 g of
peptone, 5 g of NaCl, and 15 g of agar in 1 L of distilled water.
The fungus F. oxysporum was maintained on potato dextrose
agar at 25 °C. The nutrient agar and potato dextrose agar were
autoclaved at 121 °C at 15 psi for 15 min and poured onto sterile
petri plates to a uniform depth of approximately 4 mm. Once
the medium solidified the culture was spread onto the petri
plates with the help of an L-spreader. With a sterilized 5 mm
cork borer, wells were introduced into the agar and 20 pL of
both platinum and palladium was added to the wells. Untreated
algal extract and salt of platinum and palladium were used as
negative control. The plates were incubated at 37 °C and 25 °C
overnight as per requirements. The experiments were carried
out in triplicate. The antimicrobial activity was evaluated by
measuring the size of the clear zone around each well®

Agar dilution method

The minimum inhibitory concentration (MIC) of these
nanoparticles was determined by agar dilution technique
where stocks of 50 mg/mL of the synthesized nanoparticles
were resuspended in 10% dimethyl sulfoxide to produce two-
fold dilutions in the range of 25-30 mg/mL and so on. Each
dilution of nanoparticles was put into the melted agar. The agar
was poured into petri plates and allowed to solidify. After this,
bacteria prepared to a standard concentration were added as a
spot to each plate, with 10* colony forming units per spot. These
dilution plates were then incubated at 37 °C with a control plate
having no antimicrobial agent. After incubation the growth of the
microbial isolates on the agar plate was assessed. The lowest
concentration of nanoparticles that prevents microbial growth
was considered to be the MIC value of those nanoparticles
against that microorganism.8"

DPPH radical scavenging activity

The free radical scavenging activity of all the extracts was
evaluated by DPPH according to the method previously reported
by Blois? in 1958. Briefly, a 0.1 mM solution of DPPH in ethyl
alcohol was prepared and 1 mL of this solution was added to
3 mL of the solution of all extracts in methanol at different
concentrations (5, 10, 15, 20, and 25 pg/mL). The mixtures were
shaken vigorously and allowed to stand at room temperature for
30 min. Then the absorbance was measured at 541 nm using
a UV-Vis spectrophotometer. Ascorbic acid was used as the
reference. Lower absorbance values of the reaction mixture
indicate higher free radical scavenging activity. The capability
of scavenging the DPPH radical was calculated using the
following formula:

DPPH scavenging effect (% inhibition)={(A0-A1)/A0)x100},

where AQ is the absorbance of the control reaction and Al is
the absorbance in the presence of all of the extract samples
and reference. All the tests were performed in triplicate and the
results were averaged.
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RESULTS AND DISCUSSION

In the present study, we synthesized palladium and platinum
nanoparticles by the use of extract of the green alga B. braunii.
Algal extract appears to be a potential source of reducing and
stabilizing agent without using any chemical as reducing agent.
The complete process of formation of metal nanoparticles was
initially confirmed by visual observation as shown in Figure
1. In Figure 1a the change in color from pale yellow to dark
brown and in Figure 1b from light yellow to black of the reaction
mixture provide a convenient sign to indicate the formation of
palladium and platinum nanoparticles, respectively.®®

Fourier transform infrared spectroscopy

The FTIR spectrum of experimental samples revealed two types
of vibrations, stretching and bending, in the wavelength range
of 4000-450 cm™. The FTIR spectrum measurements were
demonstrated to identify the major functional groups present in
B. braunii to examine their possible involvement in the synthesis
of palladium and platinum nanoparticles. Different peaks were
seen at 3435.88, 2923.49, 2852.33, 1637.82, 1559.61, 1414.42,
1384.79, 1069.01, 1056.17, 837.53, 781.32, 714.25, 695.06, 657,
618.16, and 532.74 cm™ in the FTIR spectrum of algal extract of B.
braunii. The peak at 3435.88 was due to N-H and O-H stretching
vibrations,?"?2 while the 2923.49 and 2852.33 cm™ bands arose
due to asymmetrical C-H stretching vibrations of -CH, and
-CH,.? The 1637.82 cm peak is characteristic of N-H bending
vibrations in amide of protein as a capping agent.?*?% The peak
at 1559.61 cm™ showed the presence of a carboxyl group and the
weak band at 1414.42 and 618.16 cm™ was due to COO- in amino
acid residue of protein.?® The peak observed around 1384.79
cm™ can be assigned to C-N stretching vibrations of amine.
C-H bending vibrations by carbohydrates (glucose residue
by C-OH bond) showed a peak at 1037.17 cm™2® The 873.53,
781.32, 695.06, and 532.74 cm™bands were demonstrated due
to 0-C=0 bending vibrations of CO3’2, C-H rocking of lipids,
and N-H wagging of amine and alkyl halide, respectively. The
results of the present study have shown that hydroxyl groups
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Figure 1. Biogenic synthesis of metal nanoparticles: (a) palladium
nanoparticles, (b) platinum nanoparticles
H,PtCl,: Hexachloroplatinic acid

have a strong ability to interact with nanoparticles. The main
peaks existing in the spectrum of the alga are also present
in the spectrum of the palladium and platinum nanoparticles
synthesized with lower intensities and slight shift. Therefore,
it may be evidenced that proteins, polysaccharides, amides,
and long chain fatty acids are the biomolecules responsible for
bioreduction and act as capping and stabilizing agents.?"2®

Scanning electron microscopy

The shape and size of the biogenically synthesized nanoparticles
were elucidated with the help of SEM (Figures 2a and 2b).
SEM showed that cubical, spherical, and truncated triangular
palladium and platinum nanoparticles were synthesized.?**
The size distribution histogram shows that the average size
of synthesized nanoparticles was 4.89 nm and 86.96 nm for

Figure 2. SEM images of green synthesized (a) palladium nanoparticles,
(b) platinum nanoparticles
SEM: Scanning electron microscope
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Figure 3. XRD patterns of biogenically synthesized (a) palladium
nanoparticles and (b) platinum nanoparticles

Figure 4. Revived culture of (A) Klebsiella pneumoniae, (B) Staphylococcus
aureus, (C) Pseudomona aeruginosa, (D) Escherichia coli, and (E) Fusarium
oxysporum
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palladium and platinum nanoparticles, respectively. From the
SEM images the number of nanoparticles (total 50 particles for
each sample) was counted by ImageJ software. The following
equation was used for calculating statistical properties of
nanoparticles named as number average diameter (D ), weight-
average diameter (D ), and polydispersity index (PDD.
D= 2d;

n
D, = &d)*

2(di)?
PDI= Dw

Dn
Here d, is the diameter of microspheres and n represents the
number of nanoparticles.

The PDI values of 0.198 for platinum nanoparticles and 0.862
for palladium nanoparticles were calculated and these values
showed uniform size of synthesized nanoparticles. The PDI
values were used as an indicator for the size distribution of the
synthesized nanoparticles.”

X-ray diffraction

The synthesized metal nanoparticles were further evidenced
by XRD measurements. The XRD analysis of green synthesized
palladium nanoparticles in Figure 3a showed major diffraction
peaks at 26 of 40.1°, 46.6°, and 68.0°, corresponding to (111),
(200), and (220) planes of the face-centered cubic structure of
palladium nanoparticles (JCPDS no. 05-0681). The crystallite
size of palladium nanoparticles was calculated from the (111)
plane of face-centered cubic (fcc) palladium using the Scherrer
equation. The crystallite size of the synthesized palladium
nanoparticles was calculated to be around 5 nm.%3*

Furthermore, in Figure 3b the diffraction lines at about 26 of
38.10, 46.60, 64.70, and 77.40 matched the (111), (200), (220),
and (311) planes of the fcc crystal lattice of platinum (JCPDS
No. 88-2343). The crystallite size of platinum nanoparticles
was calculated from the (111) plane of fcc using the Scherrer
equation. The crystallite size of the synthesized platinum
nanoparticles was found to be 87 nm.33%

Antimicrobial activity of synthesized palladium and platinum
nanoparticles

Revived bacterial strains were maintained on nutrient agar
medium as shown in Figure 4 and the fungal strain was
maintained on potato dextrose agar as also shown.

Assay of biological activity

The biological activity of the algal extract and synthesized
nanoparticles was tested against both bacteria (Gram-positive
and Gram-negative) and a fungus using agar well diffusion.®%"
Figure 5 shows the different zones of inhibition formed by
synthesized platinum and palladium nanoparticles, antibiotics,
algal extract, and salts of platinum and palladium against the
test strains. The well filled with algal extract did not show any
zone of inhibition but the nanoparticles synthesized from that
algal culture show both antibacterial and antifungal activity with
a zone of inhibition ranging from 7 to 16 mm (Table 1, Figure

6).38 PtNps and PdNps at 400 pg/mL concentration showed the
maximum zone of inhibition against the test strains.

Determination of minimum inhibitory concentration

The MIC* required to inhibit the growth of microbes is less in the
case of platinum as compared with palladium (Figure 7). These
synthesized nanoparticles show the least activity towards the
fungus tested, F. oxysporum. The positive control drugs used

Figure 5. Antibacterial assay: zone of inhibition against Escherichia coli
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Figure 6. Comparative representation of zone of inhibition diameters
formed against the test strains
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against both gram positive and gram negative bacteria were
chloramphenicol and ampicillin. Nystatin and griseofulvin
were used as the positive control drugs for F. oxysporum.
The antibiotic ampicillin does not show any activity against
P. aeruginosa as compared to PtNps and PdNps, which show
significant activity. The antimicrobial activity of nanoparticles
was considered to be good if its MIC was less than 100 pg/mL,
moderate if MIC was from 100 to 500 pg/mL, and poor over 500
pg/mL (Table 2).40- 4.4

Antioxidant activity

The antioxidant potential of the green synthesized palladium
and platinum nanoparticles was evaluated by quantifying the
DPPH free radical scavenging activity (Figure 8, Table 3). In
the presence of nanoparticles, the color of the DPPH solution

PdNPs M PtNPs Ampicillin/Griseofulvi = Chl phenicol/Nystatin

gradually changed from purple to pale yellow with time. The
percentage scavenging of DPPH increased linearly with an
increase in nanoparticle concentration from 1 to 20 pg/mL
and reached 82.43% within 30 min at 20 pg/mL in the case
of palladium and 78.14% at 25 pg/mL in the case of platinum.
However, the positive control ascorbic acid showed 94.0%
scavenging activity at a concentration of 50 ug/mL. The negative
control wells loaded with algal extract did not show any color
change from purple.?#2

CONCLUSION

In the present work, a successful, rapid combustion method
is demonstrated for the synthesis of stabilized nanoscale
palladium and platinum particles for the first time with the use
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Figure 7. Representation of MIC value against the test strains
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Figure 8. Graph representing % scavenging activity of nanoparticles

Table 1. Diameter of zone of inhibition observed against the different test strains

Microbial strain

Diameter of zone of inhibition (in mm)

Palladium nanoparticles concentration (pg/mL)

Platinum nanoparticles concentration (ug/mL)

100 200 300 400 100 200 300 400
Pseudomonas aeruginosa - 8+1.56 10+1.4 13+1.23 7+1.86 10+0.5 12+1.2 14+116
Escherichia coli 8+0.6 10£15 1318 15+1.66 9+1.26 MN214 13£1.2 1641.96
Klebsiella pneumoniae 9£15 11£15 13£0.55 1620.76 7+0.53 10011 12+¢0.5 14+0.33
Staphylococcus aureus 10201 11215 14£156 16£0.86 - 1007 130.3 1520.2

Table 2. Minimum inhibitory concentration observed against the different test strains

Nanoparticles
(500 pg/mL)

Minimum inhibitory concentration (ug/mL)

Gram negative bacterial strains

Gram positive bacterial strains

Fungal strain

Pseudomonas Escherichia coli Klebsiella Staphylococcus Fusarium

aeruginosa pneumoniae aureus oxysporum
Palladium 200 100 100 100 500
Platinum 100 62.5 100 125 400
Ampicillin - 100 100 250 -
Chloramphenicol 50 50 50 50 -
Nystatin - - - - 100
Griseofulvin - - - - 500
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Table 3. Comparison of DPPH scavenging activity of palladium and

platinum nanoparticles

Concentration of
palladium/platinum
nanoparticles (ug/mL)

% Scavenging
activity of platinum
nanoparticles

% Scavenging
activity of palladium
nanoparticles

1 13.22 19.37
5 18.44 2751
10 23.78 37.66
15 57.96 58.57
20 82.43 69.93
25 82.27 7814

DPPH: 1,1-diphenyl-2-picrylhydrazyl

of extract of the green alga B. braunii as a reducing stabilizing
and capping agent. The biogenically synthesized nanoparticles
were characterized by different techniques including FTIR
spectroscopy, scanning electron microscopy, and X-ray
diffraction. The FTIR spectrum confirms the interaction of
algal biomolecules and the formation of palladium and platinum
nanoparticles. From the SEM images and XRD patterns, the
prepared nanoparticles exhibited cubical, spherical, and
truncated triangular shape with 4.89 nm and 86.96 nm palladium
and platinum nanoparticles, respectively. The green synthesized
nanoparticles exhibited antimicrobial activity against Gram
positive and Gram negative bacterial strains, antifungal activity
against a fungus, and antioxidant activity. This conversion of
metal ions into metal nanoparticles will one day replace the
other methods of synthesis of nanoparticles and could possibly
be used for large-scale synthesis of technologically important
applications.

ACKNOWLEDGEMENT

The authors are thankful to the North Cap University for
providing facilities for the research work.

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

REFERENCES

1. Sau TK, Murphy CJ. Room temperature, high-yield synthesis of multiple
shapes of gold nanoparticles in aqueous solution. J Am Chem Soc.
2004;126:8648-8649.

2. Castro L, Blazquez ML, Munoz JA, Gonzalez F, Ballester A. Biological
synthesis of metallic nanoparticles using algae. IET Nanobiotechnology.
2013;7:109-116.

3. Rai UN, Pal D, Saxena PN. Mineral nutrition of the green alga
Botryococcus braunii. Kuetz New Botanist. 1987;14:1-7.

4. Narayanan BK, Sakthivel N. Green synthesis of metal nanoparticles by
terrestrial and aquatic phototrophic and heterotrophic eukaryotes and
biocompatible agents. Adv Colloid Interface Sci. 2011;169:59-79.

5. Azizi S, Ahmad MB, Namvar F, Mohamad R. Green biosynthesis
and characterization of Zinc oxide nanoparticles using brown

20.

21.

22.

marine macroalga Sargassum muticum aqueous extract. Mater Lett.
2014;116:275-277.

Akhtar MS, Panwa J, Yun YS. Biogenic synthesis of metallic
nanoparticles by plant extract. ACS Sustainable Chem Eng 2013;1:591-
602.

Elango G, Roopan SM. Green synthesis, spectroscopic investigation and
photocatalytic activity of lead nanoparticles. Spectrochim Acta A Mol
Biomal Spectrosc. 2015;139:367-373.

Narayanan R, EI-Sayed MA. Catalysis with transition metal nanoparticles
in colloidal solution: nanoparticles shape dependence and stability. J
Phy Chem B. 2005;109:12663-12676.

Thakkar KN, Mhatre SS, Pankh RY. Biological synthesis of metallic
nanoparticles. Nanomedicine. 2010;6:257-262.

Nasrollahzadeh M, Sajadi SM, Maham M. Green synthesis of palladium
nanoparticles using Hippophae rhamnoides Linn leaf extract and their
catalytic activity for the Suzuki-Miyaura coupling in water. J Mol Catal
A Chem. 2015;396: 297-303.

Ramkumar VS, Pugrzhendhi, A, Prakash S, Ahila NK, Vinoj G, Selvam
S, Kumar G, Kannapiran E, Rajendran BR. Synthesis of platinum
nanoparticles using seaweed Padina gymnospora and their catalytic
activity at PVP/PtNps nano-composite towards biological applications.
Biomed Pharmacother. 2017;92:479-490.

Siddigi KS, Husen A. Green synthesis, characterization and uses of
palladium/platinum nanoparticles. Nanoscale Res Lett. 2016;11:482.

Sa’'nchez-Moreno C, Larrauri JA, Saura-Calixto F. Free radical scavenging
capacity and inhibition of lipid oxidation of wines, grape juices and related
polyphenolic constituents. Food Res Int. 1999;32:407-412.

Schwarz K, Bertelsen G, Nissen LR, Gardner PT, Heinonen MI, Hopia
A, Huynh-Ba T, Lambelet P, McPhail D, Skibsted LH, Tijburg L.
Investigation of plant extracts for the protection of processed foods
against lipid oxidation. Comparison of antioxidant assays based
on radical scavenging, lipid oxidation and analysis of the principal
antioxidant compounds. Eur Food Res Technol. 2001;212:319-328.

Chu SP. The influence of the mineral composition of the medium on the
growth of planktonic algae: Part I. Methods and Culture media. J Ecol.
1942;30:284-325.

Ramakrishana M, Babu DR, Gengan RM, Chandra S, Rao GN. Green
synthesis of gold nanoparticles using marine algae and evaluation of
their catalytic activity. J Nanostruct Chem. 2015;6:1-13.

Arsiya F, Sayadi MS, Sobhani S. Green synthesis of palladium
nanoparticles using Chlorella vulgaris. Mater Lett. 2016;186:113-115.

Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating
antimicrobial activity: A review. J Pharm Anal. 2016;6:71-79.

Wiegand |, Hilpert K, Hancock RE. Agar and broth dilution methods to
determine the minimal inhibitory concentration (MIC) of antimicrobial
substances. Nature Protoc. 2008;3:163-175.

Blois MS. Antioxidant determinations by the use of a stable free radical.
Nature. 1958;181:1199-1200.

Arya A, Gupta K, Chundawat TS, Vaya D. Biogenic Synthesis of Copper
and Silver Nanoparticles using Green Alga Botryococcus braunii and its
antimicrobial activity. Bioinorg Chem App. 2018:1-9.

Rajathi FAA, Nambaru VRMS. Phytofabrication of nanocrystalline
platinum particles by leaves of Cerbera manghas and its antibacterial
efficacy. Int J Pharma Bio Sci. 2014;5:619-628.




306

CHUNDAWAT et al. Palladium and Platinum Nanoparticles and Their Biological Activity

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Kalaiselvi A, Roopan SM, Madhumitha G, Ramalingam C, Elango G.
Synthesis and characterisation of Palladium nanoparticles using
Catharanthusroseus leaf extract and its application in the photo-
catalytic degradation. Spectrochimica Acta Part A: Moleculer and
Biomoleculer Spectroscopy. 2015;135:116-119.

Aboelfetoh EF, EI-Shenody RA, Ghobara MM. Eco-friendly synthesis
of silver nanoparticles using green alga (Caulerpa serrulata): reaction
optimization, catalytic and antibacterial activities. Environ Monit
Assess. 2017;189:349.

Sharma B, Purkayastha DD, Hazra S, Gogoi L, Bhattacharjee CR, Ghosh
NN, Rout J. Biosynthesis of gold nanoparticles using fresh water green
alga Prasiola crispa. Mater Lett. 2013;116:94-97.

Shende S, Gade A, Rai M. Large Scale synthesis and antibacterial
activity of fungal derived silver nanoparticles. Environ Chem Lett.
2016;15:427-434.

Elango G, Roopan SM, Al-Dhabi NA, Arasu MA, Damodharan KI,
Elumalai K. Cocosnuciferacoir-mediated green synthesis of PANPs and
its investigation against larvae and agricultural pest. Artificial Cells
Nanomed Biotechnol. 2017;45:1581-1587.

Govender Y, Riddin TL, Gericke M, Whiteley CG. On the enzymatic
formation of platinum nanoparticles. J Nanoparticle Res. 2010;12:261-
271.

Coccia F, Tonucci L, Bosco D, Bressan M, Alessandro DN. One pot
synthesis of lignin stabilized platinum and palladium nanoparticles and
their catalytic behaviour in oxidation and reduction reactions. Green
Chemistry. 2012;14:1073-1078.

Raut RW, Haroon ASM, Malghe YS, Nikam BT, Kashid SB. Rapid
biosynthesis of platinum and palladium metal nanoparticles using root
extract of Asparagus racemosus linn. Adv Mater Lett. 2013;4:650-654.

Nematollahzadeh A, Abdekhodaie MJ, Shojaei A. Submicron nanoporous
polyacrylamide beads with tunable size for verapamli imprinting. J Appl
Polym Sci. 2012;125:189-199.

Azizi S, Shahri MM, Rahman HS, Rahim RA, Rasedee A, Mohamad
R. Green synthesis Palladium nanoparticles mediated by white

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

tea (Camellia sinesis) extract with antioxidants, antibacterial and
antiproliferative activities towards the human leukaemia (MOLT-4) cell
line. Int J Nanomed. 2017;12:8841-8853.

Ganaie SU, Abbasi T, Abbasi SA. Biomimetic synthesis of platinum
nanoparticles utilizing a terrestrial weed antigononleptopus. Particul
Sci Technnol. 2018;36:681-688.

Naveen BS, Padmesh TVN. Seaweed (Sargassum ilicifolium) assisted
green synthesis of Palladium nanoparticles. Int J Sci Eng Res.
2014;5:229-231.

Hazarika M, Borah D, Bora P, Silva AR, Das P. Biogenic synthesis
of palladium nanoparticles and their applications as catalyst and
antimicrobial agent. PLOS ONE. 2017;12:1-19.

ObrejalL, Daniela P, NeculaiF, Viorel M. Platinum nanoparticles synthesis
by sonoelectrochemical methods. Material Plastice. 2010;47:42-47.

Letaba GM, Lang Cl. Synthesis of bimetallic platinum nanoparticles for
biosensors. Sensors (Basel). 2013;13:10358-10369.

Magaldi S, Mata-Essayag S, Hartungde-Capriles C, Perez C, Colella
MT, Olaizola C, Ontiveros Y. Well diffusion for antifungal susceptibility
testing. Int J Infect Dis. 2004;8:39-45.

Valgas C, DeSouza SM, Smania EFA, Smania Jr A. Screening methods
to determine antibacterial activity of natural products. Braz J Microbiol.
2007;38:369-380.

Srinivasan S, Sarada DVL. Antifungal activity of phenyl derivative of
pyranocoumarin from Psoralea corylifolia L. seeds by inhibition of
acetylation activity of trichothecene 3-o-acetyltransferase (Tri101). J
Biomed Biotechnol. 2012;2012:310850.

Sarkar M, Reneer DV, Carlyon JA. Sialyl-Lewis x-Independent Infection
of Human Myeloid Cells by Anaplasma phagocytophilum Strains HZ and
HGET. Infect Immun. 2007;75:5720-5725.

Lee CJ, Chen LW, Chen LG, Chang TL, Huang CW, Huang MC, Wanga
CC. Correlations of the components of tea tree oil with its antibacterial
effects and skin irritation. J Food Drug Anal. 2013;21:169-176.



DOI: 10.4274/tjps.galenos.2019.26096 0 RI G I NAL ARTI c LE

Mapping the Impact of a Polar Aprotic Solvent on
the Microstructure and Dynamic Phase Transition
in Glycerol Monooleate/Oleic Acid Systems

Gliserol Monooleat/Oleik Asit Sistemlerinde Polar Aprotik Coziclnun
Mikroyapi ve Dinamik Faz Gecisine Etkisinin Haritalanmasi

® Marzuka Shoeb KAZI*, ® Mohammed Hassan DEHGHAN

Y.B. Chavan College of Pharmacy, Department of Pharmaceutics, Dr. Rafiq Zakaria Campus, Aurangabad, India

ABSTRACT

Objectives: The impact of incorporating a polar aprotic solvent, dimethyl sulfoxide (DMSO0), in glycerol monooleate/oleic acid systems was evaluated
briefly to map its influence on the gel microstructure and dynamic phase transition in controlling the performance of a polyene antifungal drug
delivery system.

Materials and Methods: An in situ gelling fluid precursor system (IGFPS) exhibiting inverse lyotropic liquid crystalline phases was developed by
simple solution add-mixture method. Polarized light microscopy, small angle X-ray scattering (SAXS), differential scanning calorimetry (DSC), and
oscillatory rheological assessments were performed to ascertain microstructural modulations. The developed system was examined for minimum
gelling volume, gelling time, swelling behavior, mucoadhesion, in vitro antifungal activity, and in vitro drug release.

Results: The SAXS study identifies the coexistence of Im3m cubic phase with HCP P63/mmc hexagonal structures. The SAXS and DSC data
highlight DMSO's unique ability to work both as a kosmotropic or chaotropic solvent and to be a function of its concentration. The in vitro antifungal
test results indicate the concentration of DMSO to be a controlling factor in drug release and diffusion. The in vitro drug release kinetic studies
reveal that most of the gel samples follow the matrix model and anomalous type release as implied by Peppas model.

Conclusion: Finally, the antifungal IGFPS formulated was found to have the required low viscosity, responsive sol-gel phase transition, appreciative
mechanical properties, and desirable antifungal effect with sustained drug release performance.

Key words: Dimethyl sulfoxide, glycerol monooleate, microstructure, oleic acid, small angle X-ray scattering

oS |

Amag: Bir polien antifungal ilag tasiyici sistem performansini kontrol etmek igin polar aprotik ¢6ziict olan dimetil stlfoksit'in (DMSO), gliserol
monooleat/oleik asit sistemlerine dahil edilmesinin, jel mikroyapisi ve dinamik faz gegisi tizerindeki etkisi arastirilmistir.

Gereg ve Yontemler: invers liyotropik sivi kristalin (LLC) fazlari sergileyen in situ jellesen &ncii sivi sistemi (IGFPS), basit ¢ozelti ilave etme y&ntemi
ile gelistirilmistir. Polarize 1sik mikroskopisi (PLM), kiigtk agili X-1sin1 sagilmasi (SAXS), diferansiyel tarama kalorimetrisi (DSC) ve reolojik osilator
6lgtmleri mikroyapisal modifikasyonlari belirlemek igin yapilmistir. Gelistirilen sistem, minimum jellesme hacmi, jellesme stresi, sisme davranis,
mukoyapiskanlik, in vitro antifungal aktivite ve in vitro ilag salimi agisindan incelenmistir.

Bulgular: SAXS galismasi, Im3m kiibik fazin HCP P63/mmc altigen yapilarla bir arada varligini tanimlamistir. SAXS ve DSC verileri, DMSO’nun
hem bir kozmotropik hem de kaotropik ¢ézlcu olarak gdrev yaptigini ve islevini konsantrasyon bagimligi olarak gergeklestirdigini gésterdiginden
DMSO'nun essiz yetenegini vurgulamistir. in vitro antifungal test sonuclari, DMSO konsantrasyonunun ilag salimi ve difiizyonunda kontrol edici bir
faktor oldugunu géstermistir. fn vitro ilag salim kinetik calismalari, jel 6rneklerinin cogunun matris modeli ve Peppas modelinin belirttigi gibi anormal
tip salim kinetigini takip ettigini ortaya koymustur.

Sonug: Sonug olarak, formile edilen antifungal IGFPS'nin, gerekli dusik viskoziteye, duyarli sol-jel faz gegisine, istenen mekanik &zelliklere ve
strekli ilag salim performansi ile arzu edilen antifungal etkiye sahip oldugu bulunmustur.

Anahtar kelimeler: Dimetil sulfoksit, gliserol monooleat, mikroyap, oleik asit, ktigtk agili X-1sini sagilmasi
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INTRODUCTION

Dimethyl sulfoxide [(DMSO, (CH,),S0)] is a short amphiphilic
moiety, conventionally used as a cryoprotectant and solvent for
lipophilic drugs, and it is the solvent of choice for the synthesis
of sugar ester (used for ice cream production), cell fusogen,
and chemical penetration enhancer to deliver active molecules
through the skin and into the cell? DMSO interacts with lipids
to replace water in the inner region of lipid head groups,
increasing the area of lipid and decreasing its thickness.® The
hydrophilic group of DMSO interrelates with water and polar
head groups of lipids, whereas the two hydrophobic methyl
groups intermingle with the hydrophobic inner membrane
region of lipids.* Due to its dual character, DMSO occupies
the inner interface region and acts as a surfactant to stabilize
the presence of water molecules. Lipids such as oleic acid
(OA) and glycerol monooleate (GMO) have a polar head and a
relatively short hydrophobic carbon chain. GMO is categorized
as a GRAS approved nontoxic, biodegradable, and biocompatible
material and is also cited in the Food and Drug Administration
Inactive Ingredients Guide. GMO was introduced for the first
time in 1930, for margarine production; since then it has been
extensively used in the food industry as an emulsifier and
stabilizer for foams in bread, cakes, margarine, ice cream, and
chewing gum.® OA is a monounsaturated fatty acid (triglyceride)
component of the human diet obtained from animal fats and
vegetable oils.

The interaction of DMSO with OA and GMO results in modulation
of the microstructure of the lyotropic liquid crystalline (LLC)
system, which is formed due to transformation of the sol
system to the gel phase upon contact with external stimuli like
body fluids and excess water. The microstructure formed is
primarily controlled by additives in the system and the nature of
the drug, i.e. hydrophilic or lipophilic. The reversed hexagonal
and bicontinuous cubic mesophases are spontaneously formed
from the in situ gelling liquid crystal forming system with
impetus to an external stimulus. The tortuous networks of
aqueous nanochannels formed in these mesophases partake as
gateways for the sustained release of drugs from the gelled
liquid crystal structure. In the present investigation, an in situ
gelling system was developed by adding a polyene antifungal
agent, nystatin, widely used against susceptible cutaneous and
mucocutaneous fungal infections caused by Candida species
and exhibiting a broad spectrum of activity against other fungi
such as Aspergillus and Cryptococcus. Interestingly, there are
reports that this polyene moiety interacts with phospholipids
and therefore liposomal formulations have been developed to
reduce its toxic effects.®

In the present study, the impact of incorporating a polar aprotic
solvent, DMSO, in a GMO/OA system was evaluated briefly to
map its influence on the gel microstructure and dynamic phase
transition in controlling the performance of a polyene antifungal
drug delivery system.

MATERIALS AND METHODS

Materials

Nystatin was procured as a gift sample from Glenmark
Pharmaceuticals, Mumbai. Cithrol GMO-HP-SO-LK was a gift
sample obtained from Croda. OA, DMSO, methanol, dimethyl
formamide, and chloroform were acquired from Loba Chemie,
Mumbai. Dextrose, peptone, and agar were purchased from
Fisher Scientific, India. Aspergillus fumigatus (NCIM 902) and
Candida albicans (ATCC 18804) were procured from the National
Chemical Laboratory, Pune. Cellulose acetate membrane pore
size 0.45 pm was purchased from Millipore. Goat intestinal
mucosa was obtained from a local slaughterhouse.

Formulation of in situ gelling fluid precursor systems (IGFPS)
The formulation of IGFPS is summarized in Table 1. To prepare
it by simple add-mixture method, briefly nystatin (2.23% w/w)
was dissolved in DMSO; the resulting solution was added to
OA and vortex mixed (B-6R-47, Biocraft Scientific Systems)
for 5 min to obtain a homogeneous solution. The resulting
solution was then added to melted (40+2 °C) GMO and vortex
mixed for an additional 15 min. The IGFPS were stored at room
temperature until further characterization was performed.

Characterization

In situ gelling ability and gelation time

The minimum solvent (Vm) and minimum time (Tm) required
for complete gelation of IGFPS was determined by magnetic
stirring method.” First 1 g of the IGFPS was aliquoted into a 5
mL vial and then a magnetic bar (10 mmx6 mm) was added to
the vial. The temperature was maintained at 37.0+0.5 °C and the
speed of the magnetic bar was set at 30 rpm. Distilled water (10
uL) was added to the vial each minute, until the magnetic bar
completely stopped moving due to gelation. For Tm the above
procedure was used and an excess amount of distilled water
was added to the vial; the time required for complete halt of
magnetic bar was noted as Tm.

Table 1. Formulation of IGFPS

Formulation Oleic acid:DMSO (%w/w)
F1 1:3

F2 1:5

F3 1:4

F4 34

F5 1:1

Fé6 3:5

F7 2:3

F8 2:5

F9 1:2

*GMO was added quantity sufficient to 100%w/w
GMO: Glycerol monooleate, IGFPS: In situ gelling fluid precursor systems, DMSO:
Dimethy! sulfoxide
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Drug content and pH value of IGFPS

For drug content determination, briefly 1 g of formed gel
was dissolved in 100 mL of solvent system comprising
methanol:dimethylformamide (DMF):water (55:15:30) and was
evaluated at 306 nm using a Shimadzu ultraviolet (UV)-1600
spectrophotometer. The pH value of IGFPS was determined
using a Systronics Digital pH meter 335.

Swelling studies
The water uptake of the systems was measured gravimetrically
at fixed time intervals. Briefly 0.5 g of IGFPS was weighed on
filter paper (40 mm in diameter) soaked in distilled water and
positioned on top of a sponge (5 cmx5 cmx2 cm) previously
soaked in the hydration medium and placed in a petri dish filled
with distilled water to a height of 0.5 cm.® This investigational
set-up was kept closed. The water uptake was determined as
the increase in the weight of the sample over time normalized to
the initial weight of the dry systems.® The data were subjected
to mathematical models® using the following equations to affirm
whether the kinetics of swelling was first order or second order.
- t 1 t
In W_szkt R +E 2
where Weo- maximum water uptake, W - water uptake at time
t, (Weo-W) represents the unrealized water uptake, and k is the
proportionality constant. For second order kinetics, the initial
rate of swelling is the reciprocal of the y-intercept in the plot of
t/W versus t. The reciprocal of the slope indicates Weo, which
is the maximum or equilibrium water uptake. The units of Weo
are grams of buffer absorbed per gram of matrix (g/g), and the
units of the initial swelling rate are grams of buffer absorbed
per gram of dry matrix per hour (g/g h).%"

Polarized light microscopy (PLM)

The hydrated gels were evaluated at 20+0.5 °C, 27+0.5 °C,
and 37+0.5 °C using microscopy (Carl Zeiss Jena, Germany)
images under 40x magnifications. The samples were inserted
between two glass microscope slides and observed with cross
polarizers to ascertain the type of lyotropic liquid crystal
mesophase formed on the basis of characteristic textures.?

Mucoadhesion measurement by tensile strength method

A CT3 Texture Analyzer (Brookfield Engineering, UK) was
used for the tensile strength measurements. Fresh goat
intestinal mucosa was obtained from a local slaughterhouse.
The dissected mucosal pieces were kept in saline solution in
an ice bath until the tests were performed. The mucosa was
fastened to a 10 mm analytical movable probe of the texture
analyzer by a rubber ring and the formulation was located on
the lower platform. The system was maintained at 37+1 °C by
a thermostatic bath. The measurement was triggered to begin
as the upper probe encountered a force of 3 mN upon contact
with the sample (1 g). The probe was kept in contact with no
force applied for 60 s, after which it was raised at a speed of
1 mm/s, and the force needed for detachment was estimated.
The tensile work, which is proportional to the area under the

force-time curve, was used to describe the mucoadhesive
characteristics.

Rheological measurements

Rotational and oscillatory rheological tests were performed
for formed gel samples using a Kinexus Rheometer (Malveran
Instruments Ltd, UK). Rotational and oscillatory tests were
performed at 37.0£0.1 °C. Rotational tests were used to
determine the viscosity and the data were analyzed for type
of flow pattern. Oscillatory tests were performed to define
the elastic modulus, loss modulus, and complex viscosity. The
shear rate during the rotational tests ranged from 2 to 100
s™. For oscillatory analysis, first stress sweep measurements
(0.001-10%) were performed at a constant frequency of 1 Hz in
order to determine the linear viscoelastic region. Afterwards,
oscillatory shear measurements were carried out as a function
of frequency (0.1-100 Hz) at a constant strain of 0.1%.

Small angle X-ray scattering (SAXS)

Scattering data were obtained by using a NANO-Viewer (Rigaku,
Japan) with a 2D hybrid pixel array detector; Cu Ko was used
as the radiation source (0.154 A) from the micro-focus rotating
anode X-ray generator operated at a power rating of 40 kV
and 30 mA. Samples were subjected to X-ray exposure for 10
min with the sample to detector distance set at 800 mm. The
measurements were performed at various temperatures, i.e. 20
°C, 27 °C, and 37 °C with a q range of 0.028 to 0.213 A,

Differential scanning calorimeter (DSC)

A DSC Q 20 (TA Instruments) was used for analyzing the
prepared samples. Indium and zinc standards were used
for calibration of the instrument. First 10£3 mg of hydrated
sample was placed in aluminum crucibles separately. Then
the crucibles were equilibrated at 25 °C and the samples were
rapidly cooled in liquid nitrogen from 25 °C to -25 °C, at a rate
of 10 °C min™. The samples were held at this temperature for
30 min and then were heated at a rate of 2 °C min™ to 50 °C.
An empty pan was used as reference. The fusion temperatures
of the components and the total heat transferred in the thermal
processes were determined.

In vitro antifungal activity

The in vitro antifungal activity of the formed gel was evaluated
against Aspergillus fumigatus (NCIM 902) and Candida albicans
(ATCC 18804). Briefly culture suspension of Candida albicans
was prepared from fresh cultures (2 days old) grown on
Sabouraud dextrose agar (SDA) slants, by dispersing one loopful
of culture in 5 mL of sterile water and vortex mixing for 15 s to
obtain a homogeneous suspension. The optical density of the
resulting culture was determined by Elico spectro colorimeter
CL 153 set at value 1 at 600 nm.® Inoculum suspensions of
Aspergillus fumigatus were prepared from fresh, mature (3-5
day old) cultures grown on SDA slants. The colonies were
covered with 5 mL of distilled sterile water. Tween 20 (1%) was
added to facilitate the preparation of Aspergillus inocula.* The
inocula were achieved by carefully rubbing the colonies with
a sterile loop; the isolates were then shaken vigorously for 15
s with a vortex mixer and then transferred to a sterile tube
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The optical density of the suspensions was measured by UV
spectrophotometer (Shimadzu UV-1600) set as 0.13 at 530 nm.4
Agar well diffusion was used to evaluate antifungal activity; 1
mL of microbial inoculum was seeded into SDA medium and
poured into petri plates, a sterile cork borer of diameter 6 mm
was punched aseptically to create a well, and a gel sample (0.1 g)
was added to the well. The plates were incubated for 24 h at 27
°C (Candida albicans) and 48 h at 27 °C (Aspergillus fumigatus).
The drug released from the prepared gel was compared with
standard drug solution of nystatin prepared in DMF (1000 units/
mL). The antimicrobial agent diffuses in the agar medium and
inhibits the growth of the microbial strain tested.

In vitro drug release

In vitro drug release was evaluated by placing cellulose acetate
membrane (0.45 pm) between the donor and the receptor
chambers of a Franz diffusion cell. Briefly 1 g of prepared
gel was placed on the membrane, the receptor compartment
was filled with 50 mL of methanol:DMF:water (55:15:30) as
the dissolution medium,® and at fixed time interval 1 mL of
the sample was withdrawn and replaced by fresh solvent to
maintain sink condition. The temperature was maintained at 37
°C by circulating water bath. UV spectrophotometric analyses
of aliquots were performed at 306 nm to estimate drug
release. The experimental data obtained from the drug release
experiments were evaluated for drug release kinetics, and PCP-
Disso-V 2.08 software was used to fit models to the release
data. The models were assessed on the basis of correlation
coefficient (R?) to mark the best fit model.

Statistical analysis

The data were articulated as meant+SD. ANOVA followed by
post hoc Tukey test (GraphPad Prism 8.0.1) was employed to
statistically analyze the data at 95% confidence level.

RESULTS AND DISCUSSION

In situ gelling ability (Vm) and gelling time (Tm)

The additives added induce a change in the hydration state of the
polar lipid head and affect the critical packing parameter (CPP)

of the lipid!*" The effect of solvent on the gelling property of
IGFPS is given in Table 2. It is observed that increasing the
concentrations of DMSO and OA had a significant effect on the
minimum amount of distilled water required for in situ gelling.
A large amount of distilled water was required for gelling in
the case of IGFPS of F2, whereas the smallest amount of
solvent was required in F5. A higher concentration of DMSO
results in disruption of water channels.?®?? In the case of
F5 equal proportions of OA and DMSO cause the solvent to
partition between both phases, i.e. the lipids and DMSO, thus
making the polar heads of lipids easily available for hydration.
Table 2 indicates the results obtained for Tm. It was found that
there was a reverse relationship between the concentration of
DMSO and the time required for gelling. The Tm was obtained
in the following order for formulations containing higher
DMSO content: F2>F3>F1>F8>F6, whereas an increase in OA
concentration showed a reduction in gelation time F5<F4<F7<F9.
Statistical analysis done using ANOVA followed by post hoc
Tukey test for Tm reveal that comparing means of each group
with the other showed a highly significant difference (p<0.05,
<0.0001), whereas an insignificant difference was seen in
the case of F4 vs F5 (p>0.05, 0.1043) and Fé6 vs F9 (p>0.05,
0.9762). In the case of Vm, an insignificant difference was seen
for F7 vs F9 (p>0.05, 0.2233), F4 vs F7 (p>0.05, 0.6063), F4
vs F9 (p>0.05, 0.9970), F3 vs F8 (p>0.05, 0.9717), and F1vs F6
(p>0.05, 0.999), while the other groups showed a significant
difference (p<0.05, <0.000M.

pH of the sol and drug content

pH values of the sol and drug content are presented in Table
2. Almost all formulations showed a drug content in the range
99% to 100%, while the pH of the sol for all formulations ranged
from 5.5+0.11 to 7+0.34.

Swelling studies

The concentration of DMSO in IGFPS played an important role
in modulating the microstructure of the formed gel and had a
marked effect on rate of swelling. Figures 1a-1c highlight the
swelling behavior: it was monitored for 8 h. IGFPS formulations

Table 2. Minimum volume of solvent for gelation, gelation time and pH

Formulation Vm (uL) Water (%w/w) Tm (s) pH Drug content (%)
F1 120+2.51 10.86+0.75 14545 6.2+0.21 98.72+0.05

F2 180+1.81 15.51£1.15 180+2.88 7+0.34 9910+0.01

F3 150+2.88 13.15+0.95 165+3 6.6+0.12 98.55+0.02

F4 90+2.51 8.33+0.5 755 6.3+0.15 99.05+0.07

F5 T70£2 6.66+0.4 60+4 5.5+01 98.82+0.03

Fé6 120+4.04 10.9+0.8 105+2.88 6.7+0.09 99.32+0.01

F7 90+5.77 8.4+0.6 9045 5.8+0.17 99.5+0.015

F8 15045 13.15+1.02 12045 6.8+0.12 98.67+0.04

F9 100517 9.25£0.75 100+1.88 6.4+0.13 9918+0.025

(Mean % standard deviation, n=3), Vm: Minimum solvent, Tm: Minimum time
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with higher concentration of DMSO had higher rates of
swelling, whereas formulations with higher concentration of
OA had lower rates of swelling. It was markedly observed that
formulations F7 and F5 in the initial hour showed faster rates of
swelling (Figure 1b), but the same declined later and at the end
of 8 h the maximum swelling observed was 24% and 22.75%,
respectively, and it was found to be dependent on water uptake.
The rapid swelling is consistent with other studies signifying
that formation of a viscous cubic or inverted hexagonal phase
(HCP) is a fast process.??° IGFPS F2 exhibited the highest
rate of swelling, i.e. 47% at 8 h. Herein the concentration of
DMSO, a polar additive, was higher, which preferentially led to
the formation of a lamellar phase; thus DMSO had an opposite
effect, as compared to OA, which could also be a reason for the
higher rate of swelling. Moreover, the interaction of GMO with
OA and subsequent hydration with water results in reversed
hexagonal phases, whereas the interaction of DMSO with a
high concentration of hydrated GMO results in predominant
cubic phase existence.?®?” The results for minimum gelation
volume are also along the same lines and demonstrate that
concentration of DMSO has a significant effect on gelling as
seen for swelling ability. The results of the statistical analysis
show that an insignificant difference was noted (p>0.05) on
comparing the mean of each group with another; however, a
significant difference was seen (p<0.05, <0.01) for F2 vs F4,
F2 vs F5, F2 vs F7, and F2 vs F9. Figure 1c indicates that all
formulations followed second order swelling kinetics, which is
in agreement with earlier reported studies."?%2

Polarized light microscopy

IGFPS undergo dynamic structural transition in situ to high-
viscous gel on exposure to excess water. This change
from a less viscous system into a lamellar, bicontinuous
cubic structure or inverted HCP can be elucidated by the
CPP.%22 Figure 2 indicates PLM images at 20 °C; all gel
formulations except F2 exhibited a dark background with no
birefringence characteristic of isotropic liquid crystalline
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Figure 1. (a) Plots of the percentage increase in the weight as a function
of time when placed in excess of water, (b) plots of percentage increase
in weight in the initial hour when placed in excess of water, (c) plots of
swelling kinetics of different formulation according to second order kinetics

mesophase structure and very possibly a mesomorphic form
of bicontinuous cubic structure, whereas F2 gels cast a two
phase region of lamellar reflects presenting partial textures
of birefringence pattern typical of a Maltese cross and black
background of a cubic phase. PLM images obtained at 25 °C
and 37 °C (Figure 2) exhibit typical dark backgrounds for F1
and F6 highlighting a cubic phase, whereas F2 typically shows
only a Maltese cross pattern, thus indicating complete phase
transformation to a lamellar structure. For the rest of the
gel formulations, the coexistence of a two phase region with
the formation of anisotropic structures with specific fan-like
texture was distinctive of a reverse hexagonal structure on an
isotropic black background featuring a cubic phase.

Mucoadhesion measurement by tensile strength method

The mucoadhesive properties of LLC systems are seen to
be dependent on the dehydration of the mucosa and in situ
absorption of water. Intestinal mucosa was selected as a model
tissue to understand the influence of formulation additives
and mesophase formation on mucodhesion. Table 3 highlights
the results for mechanical parameters and bioadhesive force
of the gel. The findings indicate that formulation F7 had the
highest hardness (127460 mN), compressibility (1.612+0.072
mdJ), adhesiveness (3.143+0.12 mJ), cohesiveness (1.961+0.053),
and bioadhesion force (1010.08+50 mN). On comparing the
mean values between formulation F5, F7, and F4 a significant
difference (p<0.05) was noted for the mentioned parameters.
The findings indicate that increasing concentration of OA
imparted a better adhesiveness and gel strength for F7,
whereas the adhesive force of the gels decreased as the OA
content increased as seen for formulations F4 and F5. As the
compactness of the microstructure increases with an increase
in OA concentration, the lattice parameter value decreases
with narrowing of the water channels, leading to a decline

Figure 2. (a) F1, F6, F3 cubic phase at 20 °C and 27 °C, (b) F2 cubic and
lamellar phase at 20 °C, (c) F4, F5, F7, F8, F9 cubic phase at 20 °C, (d) F2
lamellar phase 27 °C, (e) F3, F8 cubic and hexagonal phase at 27 °C, (f) F4,
F5, F7, F9 cubic and hexagonal phase at 27 °C, (g) F1, F6 cubic phase at 37
°C, (h) F2 lamellar phase at 37 °C, (i) F3, F8 cubic and hexagonal phase at
37 °C, (j) F4, F5, F7, F9 cubic and hexagonal phase at 37 °C
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Table 3. Mechanical properties and bioadhesive force of preformed gel formulations

Formulation Mechanical parameters (n=3)

Hardness (mN) Compressibility (mJ) Adhesiveness (mJ) Cohesiveness (dimensionless) ~ Work of bioadhesion (mN)
F1 480+40 0.533+0.025 1111+£0.018 1.495+0.030 441.29+20
F2 313.8+£30 0.405+0.020 0.634+0.012 1175£0.025 254.97+15
F3 333.8+20 0.486+0.015 0.678+0.015 1.294+0.020 313.81x12
F4 1002.08+50 1.452+0.022 2.943+0.075 1.816+0.021 935.49+30
F5 657.04+25 1.256+0.025 2.413+0.022 1.682+0.025 539.36+25
Fé 363.84+£15 0.824+0.015 1.323+0.017 1.492+0.028 342.65+10
F7 1245.44+60 1.712+0.072 3143+0.12 1.961+0.053 1010.08+50
F8 345199418 0.674+0.013 0.956+0.005 1.323+0.025 304.006+14
F9 382.039+16 1.034+0.012 1.338+0.011 1.582+0.021 383.61£20

(Mean + standard deviation, n=3)

in adhesiveness and gel strength. Our results corroborate
the reported findings.® For formulation F2 lower values of
hardness (313.8+£30 mN), compressibility (0.445+0.020 mJ),
adhesiveness (0.634+0.012 mJ), cohesiveness (1.175+0.025),
and bioadhesion force (254.97+15 mN) were obtained. The
results for F2 showed a significant difference (p<0.05) when
compared to the means of F7, poor mechanical parameters
were obtained due to predominant lamellar microstructuring of
the gel due to high content of DMSO, and as reported lamellar
phases have poor adhesion in comparison to hexagonal and
cubic structures.®

Rheological measurements

Tables 4 and 5 indicate the results for the rotational and
oscillatory tests, respectively. The value n<1 proves the
system to be non-Newtonian, typically to be pseudoplastic;
the oscillatory parameters complex modulus, elastic modulus,
viscous modulus, and phase angle (tan ) reported are calculated
at a frequency of 1 Hz. As can be seen, the formulations
where DMSO concentration was high showed lower values of
consistency index, whereas with an increase in concentration
of OA a subsequent rise in consistency index was noted. The
general performance of G" and G” as a function of frequency at
constant strain 0.1% by the gel sample is illustrated in Figure 3.
F1,F3,F4,F6,F7,and F9typically exhibited frequency dependent
moduli curves akin to a cubic mesophasic structure. Figure 4
depicts G” to be predominant at lower frequencies (0.1 Hz not
used), while G" is dominant at higher frequencies since no cross
over was seen at the frequencies used in the present study.
The composition of the sample plays a key role in defining the
frequency at which the crossover (G'>G") occurs. As the value
of G’ levels out after an initial increase, G” is constantly reduced
with increasing frequencies. All formulations indicated G’ to
be higher than one order of magnitude over G". The change
from a primarily liquid-like behavior to a solid with increasing
frequency is supplementary reflected by tan  values >1 at low
frequency, followed by a swift decline at the crossover, and
finally reaching out at tan d values <0. The curve for F5 showed

Table 4. Rheological parameters of IGFPS sol and preformed gel

Formulation  Viscosity of sol (Pa.s) n k (Pa.s)

F1 0.17+0.001 0.0925+0.01  13.5+0.14
F2 0.103+0.00M 0.08612+0.02 10.5+0.21
F3 0.15+0.002 0.09147+£0.03  13.1+0.25
F4 0.449+0.015 0.1467+0.005 450.87+1.57
F5 0.555+0.018 0.1598+£0.001  571.89+1.25
Fé6 0.1928+0.0012 01102+0.032  50.5£0.1

F7 0.3899+0.002 0.1246+0.004  341.87+1.11
F8 0.1684+0.0013 0.09695+£0.01 30.2+0.5
F9 0.3599+0.001 0.099+£0.012  138.18+1.02

(Mean + standard deviation, n=3), IGFPS: In situ gelling fluid precursor systems

Table 5. Oscillatory test parameters of preformed gels at a
frequency of 1 Hz

Formulation Tan 8 Complex Elastic Viscous

modulus modulus modulus

(Pa) G* (Pa) G’ (Pa) G”
F1 14.69  5.76x10* 6.55x10* 1.71x10°
F2 913 1.76x10* 2.95x10* 4.8x10°
F3 11.36 312x10% 3.06x10* 6.13x10°
F4 19.64  7.68x10* 7.23x10% 2.58x10*
F5 1391 1.35x10° 1.31x10° 3.8x10%
Fé6 16.91 110x10° 9.71x10* 2.95x104
F7 17.2 8.3x10% 7.96x104 2.47x104
F8 15.84  5.22x10* 5.02x10* 1.43x10%
F9 15.9 7.32x10% 7.04x104 2.00x10*
(Mean, n=3)

some atypical behavior; the tan 0 values decreased with an
increase in frequency, but at higher frequency the value was
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>0; the same has been reported elsewhere.®? It could be due
to the high provenance of the HCP P63/mmc structure. G" and
G’ were found to increase at higher frequency and so it can be
presumed that the crossover might occur at higher frequency.
The sample characterized as F2 also showed a markedly
different frequency dependent moduli curve quite similar to that
seen for cubic to lamellar structures transformation; herein at
higher frequency G” sharply shoots up and again the crossover
occurs at higher frequency, thus exhibiting a viscous property
at higher frequency value, although the tan & values were <0.

Table 5 highlights the least complex modulus for F2, whereas
F5 exhibited the highest value for complex modulus. Statistical

Elastic modulus Viscous modulus and phase angle Vs Frequency
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Figure 3. (a) Elastic modulus, viscous modulus and phase angle vs
frequency for F1, F2, F3, (b) elastic modulus, viscous modulus and phase
angle vs frequency for F4, F5, F6, (c) elastic modulus, viscous modulus and
phase angle vs frequency for F7, F8, F9

evaluation of the oscillatory test parameters obtained at a
frequency of 1 Hz point out no significant differences (p>0.05)
for F4 vs F7, F4 vs F9, and F7 vs F9, whereas on comparing
with F5 all formulations displayed a significant difference
(p<0.05, <0.00M.

Small angle X-ray scattering measurements

The liquid crystalline gel microstructure although analyzed
by PLM did not show the type of mesomorphic cubic and
hexagonal structure formed. Hence, SAXS analysis of the
samples becomes essential at different temperatures to affirm
the type of mesomorphic structure formed on the basis of
Miller indices and change in lattice parameter values. We report
intriguing polycontinuous interfaces of HCP P63/mmc33
coexisting with Im3m at 25 °C and 37 °C. Previous studies
have reported the coexistence of HCP P63/mmc with Fm3m.3®
The coexistence is a function of the concentration of additive
and drug moiety, based on negative interfacial curvature.
Studies also point to rigid and closely packed mixed films of
phospholipid with nystatin.® It has been previously reported
that DMSO expands the Im3m/Pn3m cubic phase coexistence
region in the phase diagram and increases the lattice constant
of the Pn3m monoolein cubic phase.?® Our results were in
contrast to the obtained finding; the presence of OA and nystatin
could be the reason for this, although an increase in lattice
constant value is seen for Im3m cubic phase with an increase
in DMSO concentration. SAXS analysis was performed on all
the gel formulations and diffractograms were taken at various
temperatures, i.e. 20 °C, 25 °C, and 37 °C, to ascertain the
effect of temperature on phase transformation and change in
lattice parameter. Figure 4 indicates the SAXS diffractograms
for all formulations at 20 °C; it was seen that all gel samples
except for F2 exhibited Im3m (V2:V4:V6:v8:V10:V12:V14),
a primitive type of cubic phase structure characterized by
three interpenetrating continuous networks, whereas for
F2 Im3m phase coexisted with lamellar phase lamellar (Lo
(V1:V4:¥9:v16). On cooling self-assembled lipid structures
at lower temperature, reduction of bilayer curvature occurs,
which causes an increase in lattice parameter.®’3® The SAXS
diffractogram at 25 °C is shown in Figure 5, which indicates
that they are sensitive to change in temperature; F2 was seen
to stand apart from the rest with distinctive lamellar peak ratios;
and F1 and Fé demonstrate the presence of only Im3m phase,
whereas the others indicate coexistence of Im3m with P63/
mmc (V4:V16:V1:vV2:V5). Complete phase transformation for F2
is seen at 25 °C, as the bilayers lack excess area in the form
of thermal undulations and less lateral tension in the bilayers
leads to complete transformation to lamellar phase. The SAXS
diffractogram at 37 °C indicates a decline in lattice parameter
due to shrinking of the water channels with retention in the
mesophasic structure (Table 6). The findings relate to DMSO's
unique ability to act both as a kosmotrope (water-structure
maker) and chaotrope (water structure breaker) based on its
concentration. Finally, the obtained PLM images for all gel
samples at respective temperature are in good agreement with
the SAXS diffractograms.
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Differential scanning calorimeter

DSC studies are used in surfactant based microstructures
to identify different types and states of water.***® The phase
structure in a surfactant system and interaction among polar
moieties and water molecule can be identified briefly through
understanding the state of water in the microstructure by
subjecting samples to subzero temperature DSC scanning.
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Figure 4. SAXS profile of preformed gel samples at 20 °C, 27 °C, and 37 °C
(a) F1, (b) F2, (c) F3, (d) F4, (e) F5, (f) F6, (g) F7, (h) F8, (i) F9
SAXS: Small angle X-ray scattering

Table 7 and Figure 5 depict a sharp depression in the freezing
point of free water characterized by an exothermic peak
corresponding to crystallization of ice and two endothermic
peaks. The first endothermic peak corresponds to melting for
GMO/OA/DMSO interactions, whereas the second peak at low
temperature indicates melting of interfacial water/bounded
water. The interfacial water corresponds to the water entrapped
in the highly ordered mesophasic structures. An endothermic
peak for free water was not seen for any formulation but one
was noted and is ascribed to crystallization of the ice formation
in DMSO/water solvent mixture out of the inter-membrane
space in the bulk solvent. Minimal changes in endothermic peak
temperature were seen for interfacial water in gel samples.
The data indicate that the exothermic peak temperature was
dependent on DMSO concentration in the gel system and thus
F2 indicated high depression in the freezing temperature for
crystallization of ice in the binary mixture of DMSO and water.
It is reported that at low concentration DMSO is strongly bonded
to two water molecules and thus rigidifies the water structure,
whereas at higher concentration it breaks the water structure
and this is strongly evident by a decrease in the coordination
number of water, which leads to a more distorted tetrahedral
structure. 4 Exothermic peak temperatures obtained for
formulations F4, F5, and F7 are in corroboration with the above
statement. In agreement with the SAXS data, the DSC results
also show DMSO's ability to work as either a kosmotropic
or chaotropic solvent depending on its concentration. At low
concentration it works as a water structure maker, whereas
at high concentration it breaks the water structure and this is
explained by a change in the exothermic peak temperature of
free water in various gel formulations. The results obtained for
DSC studies are in line with the minimum volume of solvent
required for gelation.

Figure 5. DSC thermograms of preformed gel samples (a) F1, (b) F2, (c) F3,
(d) F4, (e) F5, (f) F6, (g) F7, (h) F8, (i) F9

DSC: Differential scanning calorimeter
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Table 6. Lattice parameter, microstructure and lattice ratio of preformed gel samples at 20 °C, 27 °C, and 37 C

Temp. 20°C 27°C 37°C
Gel a (A Lattice ratio  Structure a A Lattice ratio  Structure a (A Lattice Structure
ratio
F1 94.28+0.611 - Im3m, Q¥ 91.32+0.39 - Im3m, Q?% 91.32+0.85 - Im3m
Q229
F2 157.85+0.086 1.509 Lamellae, Laa  150.43+0.825 - Lamellae 144.43+0.83 - Lamellae
104.53 Im3m, Q¥ La La

F3 99.54+0.889 - Im3m, Q% 98.19+0.687 1164 Im3m, Q2% 9418+0.57 115 Im3m, Q%
84.3+0.513 HCP (P63/mmc) 81.64+0.826 HCP (P63/mmc)

F4 84.99+115 - Im3m, Q%° 83.33+0.577 1.28 Im3m, Q%% 80.274+0.72 1.24 Im3m, Q%°
64.75+0.507 HCP (P63/mmc) 64.33+0.69 HCP (P63/mmc)

F5 89.03+1 - Im3m, Q¥ 88.86+1.037 1.319 Im3m 80.52+1.26 1.295 Im3m, Q%
67.35+0.7 Q2 62.13+0.618 HCP (P63/mmc)

HCP (P63/mmc)

F6 88.06+0.970 - Im3m, Q¥ 84+0.577 - Im3m, Q2% 84.6+0.923 - Im3m, Q%

F7 84.9+0.802 - Im3m, Q¥ 82.57+0.906 1.25 Im3m, Q2% 7911£1.06 1.23 Im3m, Q*°
66.02+0.59 HCP (P63/mmc) 64.14+0.621 HCP (P63/mmc)

F8 93.23+0.577 - Im3m, Q%% 92.67+0.964 112 Im3m, Q2% 89.4+0.635 1109 Im3m, Q%
82.07+0.558 HCP (P63/mmc) 80.6+0.808 HCP (P63/mmc)

F9 88.21+0.512 - Im3m, Q¥ 87+0.577 1.24 Im3m, Q2% 83+0.57 1.21 Im3m, Q%
70.16+0.628 HCP (P63/mmc) 68.57+0.794 HCP (P63/mmc)

(Mean + standard deviation, n=3), HCP: Hexagonal phase, La: Lamellar, Temp: Temperature

Table 7. Endothermic and exothermic events their peak temperature and enthalpy of preformed gel samples

Formulation Endothermic peak temperature (°C) Enthalpy (W/g) for endothermic peaks  Exothermic peak Enthalpy (W/g) for
temperature (°C) exothermic peak
Interfacial water Nonwater melting Interfacial water Nonwater Free water Free water
events melting events
F1 -12.40 15.68 -0.9272 -116 -6.95 0.8507
F2 -16.55 12.83 -0.7723 -1.36 -12.88 0.9938
F3 -15.37 14.73 -0.7966 -1.46 -10.86 0.8696
F4 -15.48 11.65 -1.042 -1103 -5.12 0.2856
FS -16.08 11.41 -0.9168 -1.052 -5.05 0.2587
F6 -15.84 15.68 -0.6651 -1.276 -11.09 0.9765
F7 -13.94 12.83 -1.253 -1.327 -6.35 0.8252
F8 -15.72 11.65 -1.049 -114 -10.16 0.9126
F9 -15.25 1319 -1.025 -1.231 -9.856 0.9838

In vitro drug release rate

The release profiles of a water-insoluble drug, nystatin, from
preformed mesophasic gel formulations were studied to
understand the effect of various factors such as addition of
components to liquid crystalline phases, lattice parameter,
and the rate of swelling.?* The results obtained corroborate
with such findings as depicted in Figure 6. F2 exhibited the
maximum rate of swelling, showing rapid release of drug, i.e.
94% at 8 h. Higher concentrations of DMSO in F2 work as a
cosolvent in solubilization of nystatin and the head groups are
better hydrated, thereby forming larger water channels; this is
ascertained by the higher lattice parameter value of 144.43. The

% Drug released
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Figure 6. % Drug released vs time profile of gelled samples

assessment for F5 indicates a lower rate of swelling and thus a
lower drug release of 48% at the end of 8 h. In agreement with
previous findings,*“? the following reason may be alluded to in

order to understand the observed behavior: nystatin, although
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Table 8. Drug release kinetics of the gelled samples

Formulation R? value Best fit  Parameters for Korsemeyer
model Peppas equation
Zero order  First order Matrix  Peppas Hixson Crowell k n

F1 0.9295 0.5151 09929 09898  0.9585 Matrix 3.0918 0.52103
F2 0.9031 0.4295 0.9871 09174  0.9761 Matrix 6.4823 0.4572
F3 0.9445 0.5039 09984 09975 09797 Martix 3.8208 0.5069
F4 0.9802 0.6651 09784 09971  0.9873 Peppas 11058 0.6255
F5 0.9798 0.6971 09852 0.9928 0.9891 Peppas  0.6921 0.6691
Fé 0.9327 0.5629 09933 09912 09444 Matrix 2.7079 0.5063
F7 0.9783 0.6681 0.9791 09951  0.9862 Peppas 11009 0.6391
F8 0.8666 0.5029 0.9781 09746  0.9333 Matrix 3.2506 0.4752
F9 0.9265 0.5776 09965 09929 09712 Matrix 1.8137 0.5830

solubilized, is localized at the lipid/water interface, and the
partitioning into the continuous hydrophobic phase (formed
by GMO and OA) and aqueous channels becomes the rate
limiting step for drug release. In addition, investigating SAXS
analyses for F5 confirms a bicontinuous cubic phase (Im3m)
with an interstice of inverted HCP (P63/mmc) structure. For
F5 the lattice parameter ratio of Im3m/HCP (P63/mmc) at
37 °C also governed the drug release pattern. F5 exhibited a
ratio of 1.295, whereas F4 and F7 displayed a ratio of 1.24 and
1.23, respectively. Thus, it can be concluded that an inverse
relationship exists between the lattice parameter ratio and drug
release; as the ratio increases the drug release decreases.
The statistical evaluation revealed an insignificant difference
among F4, F5, and F7 (p>0.05, >0.999), whereas a significant
difference was noted on comparing means of F4, F5, and F7
against means of F2 (p<0.05, <0.03). This clarifies the effect of
DMSO as a solubilizing cosolvent at high concentration and its
role in modulating microstructure, thus controlling the release
of drug.

The drug release data were subjected to kinetic modeling
and the results are presented in Table 8. It is revealed that all
formulations showed a matrix type of release pattern except
for F4, F5, and F7, which indicated the Peppas model of release
pattern. This identifies that LLC phases do not follow simple
diffusion or erosion, and a thus anomalous (0.45¢n<0.89)
mechanism is involved.

In vitro antifungal activity

The in vitro antifungal activity of the formulated IFGPS was
evaluated to ascertain its efficacy against Aspergillus fumigatus
and Candida albicans. In vitro antifungal activity was also
tested to substantiate the in vitro drug releasing ability of gel
formulations. Figure 7 shows the zone of inhibition (mm) for
IFGPS and standard nystatin drug solution. Concentration of
DMSO played a crucial role in controlling in vitro antifungal
activity; IFGPS F2 exhibited a zone of inhibition of 18 mm
and 17 mm against Candida albicans and Aspergillus fumigatus,
respectively. The standard drug solution in DMSO was used
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Figure 7. Zone of inhibition of gel samples obtained against Aspergillus
fumigatus and Candida albicans

as a control to compare against the formulated IFGPS. In
comparison to the standard drug solution, formulation F2
showed no significant difference (p>0.05, 0.3546), whereas
for all the other IFGPS a significant difference (p<0.0001) was
seen. OA has a mitigating role in the release of nystatin. An
increase in its concentration led to a decrease in the zone of
inhibition and this could be due to higher partitioning of the
drug into the oil phase and being retained either at the oil/
water interface or being bonded to the lipophilic groups of GMO
or OA, thus being unable to be released from the matrix. On
comparing formulations F4, F5, and F7 against the mean values
of F2 a significant difference (p<0.0001) was noted, whereas on
comparing the mean of F4, F5, and F7 amongst each other no
significant difference (p>0.05, 0.1229, >0.99) was obtained. The
results are in agreement with the data obtained for in vitro drug
release. Moreover, the matrices of formulation F5, F4, and F7
did reveal an increase in the zone of inhibition on examination
after 48 h in a range of 2+0.08 mm, and thus are shown to be
sustained release matrices.

CONCLUSION

The results of the present work revealed that IGFPS containing
GMO/OA/DMSO could be used for sustaining the release of a
polyene antifungal agent, nystatin. The impact of incorporating
a polar aprotic solvent had a divergent effect on modulation
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of the gel microstructure, which ultimately improved the
performance magnitude of the delivery system. The IGFPS
formed various mesophasic structures like Lo and bicontinuous
cubic Im3m, and coexistence of Im3m with hexagonal HCP P63/
mmc was affirmed by SAXS and polarized optical microscopy.
DSC and SAXS studies highlight DMSQO's ability to work either
as a kosmotropic or chaotropic solvent, being a function of
its concentration. Rheological and oscillatory assessments
confirmed all samples show shear thinning behavior, and the
gels show frequency dependent rheograms of entirely elastic
nature G'>G”. Texture analysis results underline the presence
of requisite mechanical and mucoadhesive properties.

Finally, an in vitro antifungal activity and an in vitro drug release
kinetic study proved that in F7 IGFPS containing nystatin
has the suitable controlled release property required for an
effective mucoadhesive sustain release delivery system. /n vivo
and stability studies are essential to substantiate the obtained
findings, and the model needs to be studied for specific route
of administration.
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Phytochemical Screening and Establishment of
the Antidiabetic Potential of Aqueous Leaf Extract
of the Endangered Plant Decalepis nervosa in Rats
with Alloxan-induced Diabetes

Alloksan ile Indiiklenen Sican Diyabet Modelinde Soyu Tikenmekte
Olan Decalepis nervosa Bitkisinin Sulu Yaprak Ekstraktinin Antidiyabetik
Potansiyelinin Arastirilmasi ve Fitokimyasal Taramasi
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ABSTRACT

Objectives: To evaluate the presence of phytochemicals in and the antidiabetic activity of aqueous extract of Decalepis nervosa (AEDN) leaf.
Materials and Methods: Either sex rats were grouped into 5 classes. Alloxan monohydrate and glibenclamide were used as diabetes induction drug
and standard drug, respectively. Aqueous extract of the endangered medicinal plant DN was used in two different doses. Diabetes was induced
with alloxan monohydrate at 150 mg/kg b.w. The AEDN was standardized with pharmacognostic and phytochemical screening and a chemical test
confirmed the presence of phytoconstituents like glycoside, alkaloid, phenols, and flavonoids. Acute toxicity was evaluated for dose selection in an
antidiabetic study.

Results: Glibenclamide (5 mg/kg b.w.) and AEDN (200 and 400 mg) were given to all rats with induced diabetes. The reduced blood glucose level
may be correlated with the presence of plant secondary metabolites (phenolic compounds), which was identified by thin layer chromatography
and confirmed by high performance liquid chromatography studies. The decreased levels of serum total cholesterol, triglyceride, and liver enzyme
activity showed the dose dependency of AEDN extract. An oral glucose tolerance test was performed after administration of 200 and 400 mg of
AEDN and 5 mg of glibenclamide to different groups, which showed significantly lower oral glucose load during blood sample collection. Animal
body weight and dose of AEDN extract had a significant effect on the glucose level in blood (p<0.01).

Conclusion: The first report on the phytochemicals and therapeutic activity of AEDN leaf showed potential antidiabetic activity by increased insulin
secretion via enhanced peripheral glucose utilization mechanism.

Key words: Alloxan, biochemical estimation, correlation, Decalepis nervosa, phytochemicals

(OZ |

Amag: Decalepis nervoza (AEDN) yapraginin sulu ekstraktinda fitokimyasallarin varligini géstermek ve antidiyabetik aktivitesini degerlendirmektir.
Gereg ve Yontemler: Her iki cinsiyette sigan igeren 5 grup olusturuldu. Alloksan monohidrat ve glibenklamid, sirasiyla diyabet indiksiyon ilaci ve
standart ilag olarak kullanildi. Soyu tilkenmekte olan tibbi bitki Decalepis nervoza'nin sulu ekstresi iki farkli dozda kullanilmistir. Diyabet 150 mg/kg
alloksan monohidrat ile indtklendi. AEDN, farmakolojik teshis ve fitokimyasal tarama ile standartlastirildi ve kimyasal test, glikozit, alkaloid, fenoller
ve flavonoidler gibi fito-bilesenlerin varligini dogruladi. Antidiyabetik ¢alismada doz segimi igin akut toksisite degerlendirildi.

Bulgular: Diyabetli tim siganlara glibenklamid (5 mg/kg) ve AEDN (200 ve 400 mg) verildi. Disik kan sekeri seviyesi, ince tabaka kromatografisi
ile tespit edilen ve yiuksek performansli sivi kromatografisi galismalari ile teyit edilen bitki sekonder metabolitlerinin (fenolik bilesikler) varligi ile
iliskilendirilebilir. Serum toplam kolesterol, trigliserit ve karaciger enzim aktivitesindeki azalma, AEDN ekstresinin doz bagimli olarak etki ettigini
gosterdi. 200 ve 400 mg AEDN ve 5 mg glibenklamidin farkli gruplara uygulanmasindan sonra bir oral glukoz tolerans testi yapilmistir; kan érnegi
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alinmasi sirasinda oral glukoz ytkuntn dnemli 6lglde dUstik oldugu saptanmistir. Hayvanlarin vicut agirliginin ve AEDN ekstresi dozunun, kandaki
glukoz seviyesi tzerinde nemli bir etkiye sahip (p<0,01) oldugu bulunmustur.

Sonug: AEDN yapraginin fitokimyasallari ve terapétik aktivitesini konu alan ilk galismadir. Ekstraktin, artmis periferik glukoz kullanim mekanizmasi
yoluyla insilin sekresyonunu arttirarak potansiyel antidiyabetik aktivite gésterdigi bulunmustur.

Anahtar kelimeler: Alloksan, biyokimyasal tahmin, korelasyon, Decalepis nervoza, fitokimyasallar

INTRODUCTION

Among the serious metabolic disorders, diabetes mellitus is a
most critical disorder throughout the world, with India listed
in the top three countries. It is life threatening and responsible
for many complications (such as retinopathy, neuropathy, and
angiopathy) affecting various organs in the body, especially the
eyes, followed by dysfunction and failure of various functional
organs. Ample numbers of medicines are available in the world
pharmaceutical market, but the related complications are
increasing day by day. Hence traditional natural healing is an
alternate method for its treatment. Herbal plants are known
as a source of natural medicines. A literature survey revealed
that a vast number of plants are used for their hypoglycemic
activities with very few or no side effects.! Hence searching
for phytoconstituents in novel antidiabetic plants without side
effects is the main focus.

Of late, Decalepis nervosa (DN) (Wight and Arn.) Venter has
become an endangered species of the genus Decalepis and
family Apocynaceae. DN is a medicinal plant, distributed
throughout the Western Ghats and the Nilgiris, occupying the
western corner of Tamil Nadu, which borders Karnataka and
Kerala states. The plant is a woody climbing shrub; its stem
is purplish and pubescent and the leaves contain milky latex.
Simple leaves are oppositely arranged. Its leaves are elliptical
and acute.? There are many reports available on other species
for their phytochemicals as well as medicinal activities but
no such research evidence is available on DN leaves? It is
worthwhile to quantitatively determine the phytoconstituents
like flavonoids and total phenolics present in the leaf, which is
important for correlation with the present study. Therefore, the
present study involved phytochemical screening in relation to
the antidiabetic potential of aqueous leaf extract of DN and this
is the first report on this plant for any therapeutic application
with possible mechanism of action.

MATERIALS AND METHODS

Plant material and extract preparation

DN leaves were collected from the forest area of Coimbatore,
Tamil Nadu (Western Ghat Region) and authenticated by
the botanist Prof. P.E. Rajashekaran, Principal Scientist,
Department of Biotechnology, IIHR, Hessaraghatta, Bangalore
(Figure 1. A voucher herbarium specimen, number DN-317/
KCP/2018, was preserved in the Pharmacognosy Department
of Krupanidhi College of Pharmacy, Bangalore. The leaves were
shade dried and coarsely powdered by grinder and stored in an
airtight container at room temperature.

5
" Coimbatore
4 il S

Figure 1. Collection of plant sample (DN leaves)
DN: Decalepis nervosa

DN powered leaf (500 g) was used for extraction by distilled
water using reflux method for 6 h. Then the extract was filtered
and concentrated using a rotary flash evaporator at 45 °C. The
percentage yield was reported. The extract was preserved in a
refrigerator at 4 °C in a glass bottle until further use.

Phytochemical analysis

A preliminary chemical test was performed for the leaf extract
by various chemical tests as reported by Trease and Evans.*
Furthermore, thin layer chromatography (TLC) of the extract
was carried out with a standard phenolic compound (gallic
acid) and flavonoids (epicatechin, catechin, and rutin).

Estimation of total flavonoids

Total flavonoid content was estimated by comparing with
standard rutin (25, 50, 150, 300 and 600 pg/mL) with added
aluminum trichloride. Next 125 pL of extract solution was added
with 75 plL of 5% NaNO, solution. The mixture was left to stand
for 10 min and thereafter 10% aluminum trichloride (150 pL)
was added followed by incubation for 5 min. After that 750 pL
of 1 M NaOH was added and the final volume of the solution
was adjusted with distilled water up to 2500 pL. A pink color
appeared after 15 min of incubation and then the absorbance
was measured (at 510 nm) for the solution. From the standard
curve of rutin, the total flavonoid content was measured and
expressed as mg E catechin/g dry matter.®
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Estimation of total phenolics

Total phenolics in aqueous extract of DN (AEDN) were
determined by spectrophotometry using the Folin-Ciocalteu
assay. First, T mL of AEDN was mixed in distilled water (9
mL) and then 1 mL of Folin-Ciocalteu reagent was added to the
solution. After 10 min, 7% sodium carbonate solution (10 mL)
was added and the final volume was made up to 25 mL. Standard
solutions of gallic acid were prepared at various concentrations
(20, 40, 60, 80, and 100 pg/mL). The mixed solution was kept
for 2 h at 25+2 °C and then absorbance was recorded (at 550
nm) for both test and standard solutions. A blank sample was
prepared for reading corrections. The phenolics content was
estimated and expressed as mg of gallic acid equivalent of
extract.®

Acute oral toxicity studies

As per the Organisation for Economic Co-operation and
Development (OECD) guideline (guideline no. 423), the acute
oral toxicity studies of AEDN were carried out in July 2018
after approval was received from the CPCSEA meeting held
in Krupanidhi College of Pharmacy, Bangalore.” A minimum
number of animals (n=3) were kept fasting overnight with
only drinking water and the next day administration of the
AEDN was carried out in the test animals. The AEDN dose
was administered and the animals were kept overnight under
observation followed by observation for up to 7 days for any
changes in general behavior and other physical activities. After
24 h, no animal deaths were observed, which indicates safe
action of the aqueous extract.

Experimental animals and their grouping

Adult albino Wistar rats (150-200 g) of either sex were
procured from Adithi Biosys, Tumkur, and maintained in
the animal house of Krupanidhi College of Pharmacy. The
animals were well acclimatized under controlled temperature
(2245 °C) and humidity (55+5%). Twelve-hour light and dark
cycles were maintained and, as a basal diet, standard pellets
obtained from Sri Manjunatha Rice Mill, Ganagular Panchayathi,
Hosakote Taluk, were used during the experimental period and
all the animals were given normal food and drinking water
ad libitum. All experiments were conducted as per the ethical
norms approved by the CPCSEA and ethical clearance was
granted by institutional ethical committee on 14 February 2018
at Krupanidhi College of Pharmacy, Bangalore (IAEC reg. no:
KCP/PCOL/15/2018). Drugs like alloxan monohydrate, used for
inducing diabetes, and glibenclamide as standard drug, glucose,
Accu-chek/ Active Glucometer, to check glucose level, and
blood glucose strips were used.

The study was conducted on 40 Wistar albino rats randomly
allocated to each of the five groups (8x5=40). The groups were
treated as follows:

Group I: Normal rats, no treatment, only water and food.

Group lI: Diabetic rats treated with alloxan (150 mg/kg b.w.) by
i.p. injection.

Group llI: Induced diabetic rats with orally given DN aqueous
leaf extract (200 mg/kg b.w.) once daily for 28 days (Induced
diabetic+DN 200 mg/kg).

Group IV: Induced diabetic rats with orally given DN aqueous
leaf extract (400 mg/kg b.w.) once daily for 28 days (Induced
diabetic+DN 400 mg/kg).

Group V: Induced diabetic rats with standard glibenclamide at 5
mg/kg b.w. once daily for 28 days (oral).

After experimentation, the rats were sacrificed by
cervical decapitation and blood was collected with
ethylenediaminetetraacetic acid (EDTA) as anticoagulant and
plasma was separated by centrifuging the blood at 3000 rpm
for 20 min. The serum was separated from the blood without
EDTA and centrifuged at 6000 rpm for 10 min.

Induction of diabetes

The animals were acclimatized for 1-2 weeks and then a freshly
prepared solution of alloxan monohydrate (dissolved in 0.9%
normal saline solution) at a dose of 150 mg/kg body weight was
injected i.p. into the experimental rats. Hyperglycemic rats were
determined after treating with alloxan by tail vein blood glucose
level with the help of a glucometer. A concentration of glucose
level >250 mg/dL was considered to indicate hyperglycemia in
the experiment.®

Oral glucose tolerance test (OGTT)

Fasted rats were separated into four groups, each with eight
animals. Group |: treated as control, group ll: treated with
standard drug, groups Ill and IV: different extracts. All rats were
orally treated with glucose (2 g/kg) after 30 min of extract
administration. The blood samples were collected from the rat
tail vein just before glucose administration (O min) and after
glucose administration (every after half an hour, i.e. at 30, 60,
and 90 min).” A glucometer was used to measure blood glucose
levels in the animals.

Body weight measurement

During the course of the study period, body weight was
recorded five times, i.e. before alloxan (initial values), day O,
and days 7, 14, 21, and 28 of the total treatment period. A digital
weighing balance was used and initial body weight and final
body weight were recorded.”

Estimation of blood glucose level”

Blood samples were collected at weekly intervals up to the end
of the study (i.e. 4 weeks). Blood glucose was estimated by
one touch electronic glucometer using blood glucose strips.
On day 28, blood was collected from the retro-orbital plexus
(carbon dioxide gas used for anesthesia) from overnight fasted
rats and blood sugar (fasted) was estimated. Separated serum
was analyzed for serum cholesterol and serum triglycerides by
enzymatic DHBS colorimetric method, and serum High-density
lipoprotein (HDL), serum low-density lipoprotein (LDL), serum
creatinine, and serum urea as well as the activities of alkaline
phosphatase (ALP), aspartate, and alanine transaminases (AST
and ALT) were determined using Randox Assay kits.
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Statistical analysis

The results were analyzed by comparing values for the control
and the different treated groups and expressed as mean %
standard error of the mean. One-way analysis of variance
followed by Dunnet's t-test for multiple comparisons was
applied. Values of p<0.05 were considered significant. Further
blood glucose was tested based on the dose and body weight of
animals using a 2x2 full factorial design with replicates (Table 1).
Eight experiments were constructed, varying the dose and body
weight using the software JMP version 11. Using this design
the magnitude of the effect of each parameter on the resulting
response of blood glucose was calculated. Each parameter was
tested at 2 levels, i.e. dose (low, 200 mg and high, 400 mg) and
body weight (low, 15045 g and high 190+5 g).

RESULTS AND DISCUSSION

Primary phytochemical evaluation

Extraction of DN plant was carried out and the percentage
yield was calculated as 5.28% (26.4 g w/w). Chemical tests
of an aqueous extract of a new plant like DN were carried out
and revealed the presence of phytoconstituents like alkaloids,
flavonoids, glycoside, and phenols, which play an important
role in controlling diabetes. Furthermore, TLC of extract in
chloroform, methanol, and water as mobile phase (6:3:1) showed

Table 1. 2x2 full factorial model

8
3.105

Runs Pattern Dose in mg Body weight in g
1 +2 400 High
2 -1 200 Low
3 +2 400 High
4 +1 400 Low
5 -2 200 High
6 -2 200 High
7 -1 200 Low
8 +1 400 Low

Figure 2. TLC of DN extract with standard drugs for identification of
compound

TLC: Thin layer chromatography, DN: Decalepis nervosa, AEDN: Aqueous extract of
Decalepis nervosa, E: Ellagic acid, G: Gallic, R: Rutin

the presence of phenolics (gallic acid) and flavonoid (rutin) in the
extract (Figure 2), which was further confirmed with the high
performance liquid chromatography (HPLC) study. HPLC data
showed retention time (R) of standard rutin and standard gallic
acid at 7.58 min and 3.10 min, respectively, at 203 nm with the
mobile phase methanol:water (60:40) (Figures 3a and 3b). The
same conditions were used for the AEDN extract and showed
the presence of these two compounds (rutin and gallic acid) in
the extract with R, of 7.58 min and 3.10 min, respectively (Figure
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3c). Furthermore, the amounts were estimated by comparing
with standards and it was found that higher amounts of gallic
acid were present (2.32 pg) in the leaf than rutin (0.054 pg).
Hence the two compounds gallic acid and rutin were identified
in DN extract for the first time in the present investigation.

Phytochemical evaluation with respect to chemical tests is
required to identify preliminary phytoconstituents present
in herbal extracts. Plant phytoconstituents are essential for
therapeutic efficacy. Hence, the chemical test indicates the
possible mechanism for the particular disease treatment as well
as the discovery of novel drugs from the isolated constituent.
Mechanisms of action of phytoconstituents involve regulating
glycemic metabolism or decreasing cholesterol levels or
increasing secretion of insulin or by improving microcirculation.
The present investigation was carried out for qualitative
identification of the phytoconstituents present in the aqueous
extract of DN, an endangered plant species. Aqueous extract
was selected because most of the important phytoconstituents
related to antidiabetic activity are soluble in aqueous solvent.
Furthermore, aqueous solvent is more cost effective and easily
available than other solvents, and in future for preparation of
herbal formulations aqueous extract of plant samples is widely
acceptable.

Estimation of total flavonoids and total phenolics

The catechin solution of concentration (25-600 ppm) conformed
to Beer's law at 510 nm with a regression coefficient (R?) of
0.997. The plot has a slope of 0.000 and an intercept of 0.031.
The equation of the standard curve is y=0.000x+0.031 (Figure
4; Table 2) and the amount found was 2.52 mg.

The total phenolics in AEDN were determined using standard
gallic acid. The gallic acid solution of concentration (20-100
ppm) conformed to Beer’s law at 550 nm with a R? of 0.997.
The plot has a slope (m) of 0.012 and an intercept of 0.025. The
equation of the standard curve is y=0.012x+0.025 (Figure 5;
Table 2) and the amount found was 5.81 mg.

Table 2. Total flavonoids and total phenolics content in aqueous
extract of DN

Extract Part used Total flavonoids  Total phenolics

(mg/g) (mg/g)
Aqueous extract of DN Leaves  0.52+0.18 0.58+0.02
DN: Decalepis nervosa
Total Flavonoids
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Figure 4. Estimation of total flavonoids with respect to standard catechin

Table 2 indicates the amounts of flavonoids and phenolics
are present in quite high amounts. It was evident that higher
concentrations of phenolics as well as flavonoids are highly
soluble in polar solvents like water!? They mainly act as
antioxidants and play a vital role in antidiabetic activity due
to the presence of hydroxyl groups, some double bonds, and
ketonic functional groups in their structures.®™ Therefore, it
was essential to determine the total contents of flavonoids and
phenolics in AEDN leaf.

Acute oral toxicity study of Decalepis nervosa leaf extract

The nontoxic nature of the AEDN is revealed by acute oral
toxicity. There were no lethality or toxic reactions found until a
dose of 5000 mg/kg as per the OECD guideline up to the end of
the study period. All the animals were alive, healthy, and active
during the observation period, which indicates the selected
plant extract is safe for the present experiment and two suitable
doses were selected, i.e. 200 mg/kg b.w. and 400 mg/kg b.w.

An acute toxicity study of AEDN leaf was carried out to
determine the lethal dose (LD.)). The study confirmed LD,
when two selected doses resulted in mortality higher than 0%
and lower than 100%. Previous reports have described safety
dose determination and so the present study was performed
for new endangered plant species and the selected doses were
safe for further investigation®'

Oral glucose tolerance test

The effects of AEDN on the OGTT in normal rats were
estimated. After 30 min of glucose administration a rapid
increase in blood glucose occurred in the fasting animals
and then decreased subsequently during the time intervals.
The standard glibenclamide administered group (5 mg/kg)
had reduced hyperglycemia (glucose induced) significantly
at 30 min, 60 min, and 90 min (103.32+0.10, 102.11+0.01, and
84.60+0.11, respectively) as compared to the normal control
group at the same time intervals. Maximum glucose tolerance
in AEDN was observed as 92.22+0.03 and the minimum was
observed as 87.22+0.11 in 90 min as compared with group |
(Table 3) (p<0.0D.

The OGTT was carried out to measure the ability to use a type
of sugar by the body. The results revealed a dose-dependent
reduction in glucose when treated with DN extract orally due to
the identified flavonoids and phenolics in AEDN leaf.”
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Figure 5. Total phenolic content with respect to standard gallic acid
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Body weight determination

The body weights of all rats were calculated before alloxan
induction, day O, and days 7, 14, 21, and 28 and the results are
given in Table 4. In group Il body weight initially increased
followed by a significant reduction on days 21 (156.19 g) and 28
(150.11 g) compared to the initial day (174.10 g). Groups IV and
V also showed a significant reduction (p<0.01) in body weight
compared to the normal group on day 28 (Table 4) in a dose-
dependent manner.

In the present study, the standard drug (alloxan) caused a
marked reduction in body weight, whereas AEDN increased
body weight significantly. This may have been due to excessive
fat utilized from fatty tissue for energy production in the body.
The result is similar to that of earlier reports™ where dose-
dependent gain in body weight was seen with plant extract
treatment. Alloxan is reported to cause a significant reduction
in insulin release by damaging the beta cells (of islets of
Langerhans) and induces hyperglycemia in animals,”” which
results in a decrease in body weight possibly due to catabolism
of fats and proteins or by dehydration.

Estimation of blood glucose level and serum analysis

Blood glucose was estimated at 1, 7, 14, 21, and 28 days. The
glibenclamide and DN aqueous extract treated groups (200, 400
mg/kg), showed a significant reduction (p<0.05) from day 7 to
28. Alloxan induced DN aqueous extract @ 400 mg showed a
significant reduction in blood glucose level (p<0.05) (Figure 6).

Animals with diabetes induced with alloxan 150 mg/kg b.w.
(i.p.) had elevated blood glucose on day 1 and after 28 days
it was reduced a little but was higher than that in the normal
group. Alloxan was used to induce diabetes without production
of insulin. The result showed a dose-dependent decrease in
fasting blood glucose in diabetic rats treated with different
doses of the DN extract. This dose-dependent effect compares
well with glibenclamide and especially at the dose of 400 mg/kg
body weight the extract produced a more significant reduction
in blood glucose level than 5 mg/kg glibenclamide on day 28,
which may have been due to improved control mechanisms
of glycemic as well as insulin secretions from the pancreatic
cells of diabetic rats.?® Furthermore, oxygen free radicals are
involved in the diabetogenic action of alloxan and DN plant
extract containing flavonoids and phenolics that are shown
to be effective in diabetes due their antioxidant property.2'22
Thereafter flavonoids are reported to suppress glucose level
and also found to be a strong inhibitor of a-glucosidase (mainly
luteolin).?®> DN leaf extracts also showed the presence of
phenolicsinhigher contentandthatisthereason for the decrease
in blood glucose level. Identified compounds such as gallic acid,
which is a phenolic compound, enhanced insulin secretion and
thereafter release from the beta cells® in the present study. On
the other hand, rutin, which was identified in DN extract as a
flavonoid, was also boosted in reduction of blood glucose in the
present study. It acts by increasing the peripheral utilization of

Table 3. Effects of aqueous extract of DN on glucose tolerance test

Groups Dose (mg)  Dose after 30 min 0 min 30 min 60 min 90 min

(2 g/kg)
Normal Vehicle Glucose 87.02£0.23  19712+0.14 189.36+0.11 186.02+0.02
Diabetic induced + standard drug glibenclamide 5 Glucose 83.07+0.1 103.32+0.10°  10211£0.01"  84.60+0.11"
Diabetic induced + DN aqueous leaf extract 200 Glucose 82.86x0.20 106.11£0.23"  99.40+0.20° 92.22+0.03"
Diabetic induced + DN aqueous leaf extract 400 Glucose 83.09+£0.03 102.22+0.20" 97.02+0.11" 87.22+0.11

The results represent mean + SE (n=8). Data were analyzed by one-way ANOVA, followed by Dunnett comparison test against untreated animals. Values were considered
significant where, *p<0.01: Medium significant, SE: Standard error, DN: Decalepis nervosa

Table 4. The effect of 4 week treatment with aqueous extract of DN on body weight (g) after alloxan (150 mg/kg i.p.) induced diabetes in rats

Group Dose (mg) Day 0 (g) Day 7 (g) Day 14 (g) Day 21 (g) Day 28 (g)
Normal control (group-1) Vehicle 163.21+0.01 163.28+0.22 165.18+0.10 168.33+0.01" 169.21+0.01"
Diabetic control 150 1741001 172.20+£0.04 164.57+0.22 156.19+0.12" 150.11£0.23™
(group-I)

Diabetic induced + standard 5 168.27+0.22 165.10+0.20 165.27+0M1 166.04+0.24" 167.11£0.03™
drug glibenclamide

(group-IID

Diabetic induced + DN aqueous 200 184.22+0.21 174.0120.24 166.30+0.04 158.22+0.23" 151.06+0.12"
leaf extract

(group-1V)

Diabetic induced + DN aqueous 400 182.24+0.31 176.20+0.20 169.11+0.01 164.34+0.21" 156.48+0.22™

leaf extract
(group-V)

The results represent mean + SE (n=8). Data were analyzed by one-way ANOVA, followed by Dunnett comparison test against untreated animals. Values were considered
significant where, *p<0.05: Low significant, **p<0.01: Medium significant, SE: Standard error, DN: Decalepis nervosa
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glucose, inhibiting glucose transport from the intestine, which
directly causes a significant reduction in blood glucose in both
normal and diabetic rats. Glibenclamide (standard) was used in
the present investigation because it caused voltage-dependent
calcium channel depolarization of the cell membrane and hence
increased the intracellular calcium of beta cells, subsequently
stimulating insulin secretion to treat diabetes.?®

Serum lipid analysis

On day 28, alloxan-treated animals had increased serum
glucose, cholesterol, serum triglycerides, LDL, creatinine, and
urea and decreased HDL level, but glibenclamide (5 mg/kg) and
DN aqueous extract in the two different doses reversed these
alloxan-induced changes. Both the extracts showed significant
elevation (p<0.05) in serum HDL level compared to diabetic
control rats after 28 days of treatment in a dose-dependent
manner (Table 5).

In the present study, HDL-cholesterol had slightly lower
values with a significant (p<0.05) increase in the level of LDL-
cholesterolinthe diabetic control group as compared to the other
® Alloxan+DN400 mg

u Alloxan+DN 200 mg

® Standard

w Alloxan treated

400 60.25*

B Normal

Blood sugar level (mg/dl)

1st day ety

th day —

14th day 78,13
21st day

28th day
Duration in No. of days

Figure 6. The effect of 4 week treatment with aqueous extract of DN on
blood glucose level after alloxan induced diabetes in rats

Values are expressed as mean + SE (n=3). *p<0.05, **p<0.01, ***p<0.001
when compared with normal group (ANOVA followed by Dunnet’s test)

DN: Decalepis nervosa

treatment groups. Thereafter, mean values of HDL-cholesterol
were significantly (p<0.05) increased, while mean values of
LDL-cholesterol were significantly (p<0.05) decreased in both
glibenclamide and in DN extract treated groups, which showed
their potential to have a hypolipidemic action, consistent with
earlier literature? showing the same results. Diabetes results
from carbohydrate, protein, and lipid metabolism. Diabetes
mellitus results in hyperlipidemia due to abnormalities in lipid
metabolism, which in turn leads to atherosclerosis, myocardial
infarction, etc.?” Increased HDL level plays a significant role
in the human body and is known as “beneficial cholesterol”
because its increased level is associated with a decreased risk
of myocardial infarction by removal of cholesterol from other
tissues to the liver. It fosters the removal of cholesterol from
peripheral tissue to the liver for catabolism and excretion and
competeswithLDLreceptor sitesonarterial smoothmuscle cells
that partially inhibit LDL uptake and degradation. Furthermore,
HDL plays a role in lipid metabolism, complement regulation,
immune response, and bringing excess cholesterol to the liver,
helping to convert it into bile acids, and finally it is excreted into
the small intestine.?® An aqueous extract of DN leaves plays a
significant role in decreased levels of serum cholesterol, serum
glucose, serum triglycerides, LDL, creatinine, and urea and
increased level of HDL, and this indicates DN leaves are a good
source of antidiabetic drug by reducing the risk of developing
heart disease. This may be due to the presence of polyphenolic
compounds, especially flavonoids in the leaves, which are
incorporated into lipoprotein within the liver or intestine and
transported within the lipoprotein particles. Mainly flavonoid
consumption is inversely associated with mortality from
coronary heart disease and hence flavonoids and phenolics
may be located for protection of LDL from oxidation. The same
result was revealed earlier.?8

Table 5. Effect of various groups of DN aqueous extract on serum profile in alloxan (150 mg/kg, i.p.) induced diabetic rats after 28 days of

treatment (fasting condition)

Parameters Group

Normal control Diabetic control

Diabetic induced + Diabetic induced + DN Diabetic induced + DN

(group-1) (group-ID glibenclamide aqueous leaf extract aqueous leaf extract
(group-IID (200 mg) (group-I1V) (400 mg) (group-V)

Serum glucose (mg/dL) 82.83+0.13 282.40+0.23" 145.50+0.12* 151.33+0.12" 147.66+0.24"
Total cholesterol (mg/dL) 74.66+0.20 170.33+0.10™ 98.20+0.02" 106.50+0.10 100.83+0.13"
Serum triglycerides (mg/dL) 56.83+0.11 154.00+£0.04™ 93.66+0.31 98.00+0.02" 95.10+0.11"
Serum HDL (mg/dL) 48.83+0.03 36.16+0.14™ 46.86+0.10 64.33+0.11" 76.50+0.40"
serum LDL 49.05+0.24 132.74+0.20™ 51.06+0.16" 54.78+0.32" 46.90+0.41"
(mg/dL)
serum creatinine 45.56+0.21 138.16+0.10™ 61.80+0.21 65.60+0.34" 63.07+0.03"
(mg/dL)
Serum urea 48.23+0.22 141140117 57.12+0.32" 6412+0.14" 62.03+0.04"
(mg/dL)

The results represent mean + SE (n=8). Data were analyzed by one-way ANOVA, followed by Dunnett comparison test against untreated animals. Values were considered

significant where, *p<0.05: Low significant, **p<0.01: Medium significant
HDL: High-density lipoprotein, DE: Decalepis nervosa, SE: Standard error
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Serum enzyme level

Activities of serum enzymes such as ALP, AST and ALT were
determined. The activity of enzymes is increased much higher
(alloxan induced rats) than normal, which gave significant
(p<0.001) results in 28 days. Furthermore, diabetic animals
treated with the standard drug showed a significant decrease
in enzyme activity compared to the animals given only alloxan.
With DN aqueous extract it also decreased significantly and the
values are close to those of the animals given glibenclamide
standard drug (p<0.01) and the decreased levels are dose
dependent over 28 days (Figure 7).

In the current study, there was a significant rise in the AST,
ALT, and ALP activities in the diabetic control group compared
to the normal control group and thereafter the standard drug
decreased the values, but they were higher than those in the
normal control group, possibly due to cell membrane damage of
hepatocytes or due to increased cell membrane permeability.
Similar research was also reported previously.?” AST and
ALT are mainly used as biomarkers to determine liver toxicity.
Increased levels of AST, ALT, and ALP in diabetic rats indicate
excessive accumulation of glutamate and alanine in the
serum of diabetic animals from protein stores. The elevated
activities of the serum aminotransferases in the liver indicate
cardiovascular disease as well as diabetes among people. The
activities of ALT, AST, and ALP in serum are increased due
to the leakage of these enzymes (in the liver cytosoD* and as
a result diabetes may induce hepatic dysfunction. When DN
aqueous extract was administered orally to diabetic animals,
it resulted in a significant reduction in serum enzymes such
as AST, ALT, and ALP compared to those given just alloxan.

200
|

150

Activity (U/dL)
g

Treatments

Figure 7. Activity of serum enzymes Values are expressed as mean + SE
(n=8). *p<0.05, **p<0.01, ***p<0.001 (ANOVA followed by Dunnet'’s test).
Diabetic control was compared with normal control (p<0.001) and extract
treated groups were compared with the diabetic control (p<0.01)

ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase

Table 6. Analysis of variance

Source DF Sum of squares Mean square F ratio
Model 3 86.752150 289174 42.2121
Error 4 | 2.740200 0.6851 Prob > F
C. total 7 89.492350 0.0017*

DF: Degrees of freedom, C. total: Number of columns, Prob > F: The p value for the
whole model test, *p<0.05: Significant

This indicates the extract has liver protection activity due to
the presence of flavonoids as the result is correlated with an
earlier study.® Results obtained from the present investigation
are clearly in agreement with previous reports related to the
hepatoprotective activity of menthi, guduchi, and gymnema
herbal extracts reducing the elevated levels of ALT, AST, and
ALP, respectively, in diabetes 323

Effect of different doses of AEDN and body weight of animals
on blood glucose level
The full factorial design was evaluated at a significance level of

p<0.05. The variance analysis of the whole experiment showed
a p value of 0.0017 (Table 6).

Analysis of response to blood glucose showed the actual level
by predicting plot with an root mean square error of 1.028
(Figure 8).

The leverage plot showed (Figures 9-11) the significant effect
of dose and body weight of animals and its confounding effects
with blood glucose level. The data are shown in Table 7. The
response surface graph as shown in Figure 12 explored the
relationship between body weight and dose on blood glucose.

Finally, 2x2 full factorial statistical design studies confirmed
the significant effect of body weight and dose on blood glucose
reduction. This result confirmed that present endangered
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Figure 8. Actual by predicted plot

Table 7. Effect of dose and body weight and its confounding
effects with blood glucose level

Term Estimate | Standard | tratio | Prob > Itl
error

Intercept 63.065 | 0.363555 | 173.47 | <0.0001*

Dose (200, 400) -1.8575 | 0.363555 | -5 0.0069*

Body weight (low) 2185 0.363555 | 6.01 0.0039*

Dose x body weight -11675 0.363555 | -3.21 0.0325*

(low)

Prob > |tl: Differentiation between p values of two trial test, *p<0.05: Significant
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Figure 12. The relationship between body weight and dose on blood glucose

DN species have essential phytoconstituents especially
polyphenolic compounds (rutin and gallic acid) that resulted in
potential antidiabetic activity.

CONCLUSION

The present study concludes that various plant constituents,
i.e. flavonoids, phenolics, glycosides, and alkaloids, are present
in endangered AEDN leaf. TLC and HPLC confirmed rutin and
gallic acid in an extract, which may trigger insulin secretion,
and demonstrated significant lowering of blood glucose level,
serum sugar level, and biochemical parameters, and statistical
improvement in the body weight of animals in a dose-dependent
manner by enhanced peripheral glucose utilization by direct
stimulation of glucose uptake and reduced blood glucose level.
The acute oral toxicity study revealed the safe use of all these
chemical compounds that are present in DN extract. Hence, it
is clear that these compounds could have hypoglycemic effects
in diabetic people. Furthermore, for the first time 2x2 factorial
design studies were carried out and showed a significant
correlation of dose of DN extract and body weight of animals in
lowering of blood glucose level. Therefore, it is ascertained that
AEDN leaf has antidiabetic activity. Further research is under
way for isolation of active constituents for the discovery of new
drugs from DN.

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

Objectives: The analgesic and anti-inflammatory effects of methanolic extract of Limnophila repens (MELR) were assessed at 200 and 400 mg/kg.
Materials and Methods: In carrageenan-mediated paw edema, the anti-inflammatory effect of MELR was investigated and analgesic activity was
assessed by central and peripheral models

Results: MELR had strong analgesic and anti-inflammatory effects at different dosages (200 and 400 mg/kg). The study results confirmed the use
of Limnophila as both an analgesic and anti-inflammatory. The strong anti-inflammatory and analgesic effects can be caused by anabolic steroids,
i.e. B-sitosterol and stigmasterol; and flavonoids, i.e. quercetin and glycosides, in the extraction of some kind of inflamed arbitrators.

Conclusion: Based on the study, we can conclude that Limnophila repens had analgesic and anti-inflammatory activity. In addition to organic
studies, however, additional phytochemicals are required to evaluate the extra energetic chemicals responsible for the antinociceptive and anti-
inflammatory effects.

Key words: Limnophila repens, carrageenan, phytochemical screening, f-sitosterol

(OZ |

Amag: Limnophila repens (MELR) metanol ekstresinin analjezik ve anti-enflamatuvar etkileri 200 ve 400 mg/kg dozda degerlendirildi.

Gereg ve Yontemler: Karagenin ile indiklenen pence 6deminde MELR'nin anti-enflamatuvar etkisi arastirildi ve analjezik aktivite merkezi ve periferik
modellerle degerlendirildi.

Bulgular: MELR, farkli dozlarda (200 ve 400 mg/kg) giigli analjezik ve anti-enflamatuvar etki géstermistir. Calisma sonuglari, Limnophila'nin
hem analjezik hem de anti-enflamatuvar olarak kullanimini dogrulamistir. Guglu anti-enflamatuvar ve analjezik etkilerden anabolik steroidlerin
(B-sitosterol ve stigmasterol gibi); flavonoidlerin (kuersetin ve glikozitler gibi) sorumlu olabilecegi degerlendirilmistir.

Sonug: Galismaya dayanarak Limnophila repens’in analjezik ve anti-enflamatuvar aktiviteye sahip oldugu sonucuna varabiliriz. Bununla birlikte,
organik calismalara ek olarak, antinosiseptif ve anti-enflamatuvar etkilerden sorumlu ekstra enerjik kimyasallari degerlendirmek igin ek
fitokimyasallar gereklidir.

Anahtar kelimeler: Limnophila repens, karagenin, fitokimyasal tarama, B-sitosterol
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INTRODUCTION

Herbal treatments, particularly therapeutic plants, were our
ancestors’ primary or only source of healthcare. Despite
the rise of the healthcare industry, therapeutic plants and
medicines that can be developed from them have never been
totally discarded and people still resort to traditional medicine!
Basically, the use of natural flora in the treatment of illnesses
and pain management is a key remedy.?

Limnophilais used to treat heart attacks, elephantiasis, diarrhea,
dyspepsia, high temperature, dysentery, acid indigestion,
dysmenorrhea, and stomach pain.3®

Phytochemical examination of Limnophila shows a number
of primary and secondary phytoconstituents.® This variety of
substances justifies the traditional use of L. repens.

Limnophila is already very prevalent and frequently used
in herbal remedies as an antimycobacterial, antioxidant,
antineoplastic, and antimicrobial,”" but no natural research
studies have been performed on this herb. Subsequently, the
present experiment was performed to determine the anti-
inflammatory and antinociceptive activities of L. repens.

MATERIALS AND METHODS

Plant selection and authentication

During September 2017, L. repens was collected at Tirupati.
Dr. K. Madhava Chetty identified and tested the examined herb.
GITAM Institute of Pharmacy, Visakhapatnam, deposited an
herb specimen with the voucher number 1568.

Preparation of extract

The powder (1 kg) was obtained by petroleum ether method
suggested for removing both fatty and waxy materials. The
methanol extract was initially extracted in alcoholic water
through a splitting-up channel and then sequentially segmented
together with petrol ether, chloroform, ethyl acetate, and
n-butanol to obtain portions of these solvents. These extracts
had been subjected to preparatory phytochemical evaluation
and had, in addition, been kept in the fridge at 4°C for potential
further use.”

Phytochemical screening

Various extracts of L. repens were subjected to qualitative
chemical assessment using uniform criteria*

Separation of phytoconstituents

Column chromatography on silica gel (60-120 mesh) using
n-hexane, ethyl acetate, and 100% methanol afforded an 18
g petroleum ether portion. The fractions on the thin-layer
chromatography (TLC) plate were pooled and crystallized, and
named Limnophila repens (LR-1) and LR-2." A silica gel column
eluted from the chloroform-methanol phase gradient (from
100:0 to 4:1) chromatographed the ethyl acetate section and put
eight sections on their TLC. In the Sephadex LH-20, chloroform
methanol (1:10) was chromatographed with methanol to provide
LR-3®

Animals

All the experimental animals used for this research were
acquired from Nicholas Piramal India Limited, Mumbai. They
were subsequently put in the Animal House of A.M. Reddy
Memorial College of Pharmacy with IAEC Approval no.
AMRMCP/05/IAEC/18-19/PHD. While in the Animal House they
were allowed to consume water and eat. The animal usage
complied with OECD-423 guidelines.”

Acute toxicity study

Test methanolic extract of Limnophila repens (MELR) toxicityinan
acute toxicity study was based on OECD 423 recommendations
for 2000 mg/kg dose. The test animals were regularly checked
at1h,then 4 h, and finally every 24 h for 14 days for body signs
and symptoms of poisoning, consisting of squirming, gulping,
or pulsation as well as decreased respiratory system rate or
even impermanence. No fatality was observed in this study.?

Grouping of animals and selection of dose

Furthermore, male rodents were randomly divided into four
groups (control, regular, and pair of examination groups)
composed of 5 animals each for analgesic and anti-inflammatory
study. The first group was initially designated as the control,
with 10 mL/kg distilled water. Group Il specified as reference
group was given the standard drug tramadol 10 mg/kg p.o.
Groups Il and IV received MELR (200 mg/kg and 400 mg/kg,
respectively) in distilled water.

Pharmacological activity

Antinociceptive activity

The peripheral study behavior of MELR was evaluated using
acetate-induced acid while the central analgesic function was
investigated using the hot plate and tail-flick techniques.

Hot plate technique

Each rodent was individually placed independently on the hot
plate at 55+2 °C. The response time was videotaped for each
mouse at 30 min, 60 min, and 90 min, monitoring medicine or
vehicle administration along with 15 s cut-off to avoid injury.
Increased response time and extracts were matched to the
control group.?'??

Percentage of analgesic activity was calculated by using the
formula

(Ta-Tb) x 100
Tb

Ta: Average reaction time after extract; Tb: Average initial
reaction time

% Analgesic activity=

Tail immersion test

The lower part of the rodent tail was immersed in warm water,
around 55 °C, which caused a painful reaction. The time, in
seconds, for tail withdrawal from the water was recorded
as the response period, having a cut-off time for immersion
set at 15 s. The latent period of the tail immersion response
was determined at 0, 30, 60, 90, 120 and 180 min after the
oral administration of standard and MELR. In addition, the
percentage of inhibition was calculated using the formula®
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x100 ,

Inhibition=
15 s-Lo

where Lo: Latent time before drug administration in seconds,
Ln: Latent time after drug administration in seconds (n=30 to
180 min).

Writhing test

The mice (n=5) were grouped into MELR teams; in addition, two
more teams (n=5) were used for control and standard testing.
They were divided into four teams, w here groups Ill and IV were
given MELR at a dose of 100 and 200 mg/kg b.wt. explicitly
(by i.p.), while group Il was administered along with the normal
aspirin 100 mg/kg drug, p.o. 1 h before acetic acid induction.
The group’s percentage restraint was calculated by?+?

~ Mean no. of writhes (control) - Mean no. of writhes (Treated)
% Inhibition=

Mean no. of writhes control

Anti-inflammatory activity

Carrageen-induced paw edema

The rat paw edema procedure caused abrupt inflammation in the
rodents by administration of 00.1 mL of prepared carrageenan
fluid (1% w/v) to the subplantar area. For each sample the
rodents were categorized into four sections (n=5) and control
and norm groups (n=5). The control group was given vehicle; the
standard group received diclofenac 10 mg/kg p.o and the groups
assigned for extracts received 200 and 400 mg/kg p.o. before
60 min of carrageenan injection. Upon carrageenan infusion,
paw volume was assessed with an electronic plethysmometer
at 1, 2, and 3 h. % Inhibition was calculated using the formula®

% Inhibition=T -T /T =100,
where T : Paw thickness of rats given test extract at the same
time; T: Paw thickness of control rats.

Statistical analysis

The data are expressed as mean + standard error of the
mean (SEM). ANOVA software (GraphPad Prism 5) was used
to perform the statistical analysis. The level of statistical
significance was p<0.05.

RESULTS

Phytochemical screening

The results of the phytochemical analysis of different extracts
are shown in Table 1.

Characterization of LR-1

White powder, C,H,.0, MW 412.69. ultraviolet - max (CHCL)
nm: 257; IR (KBr) IR (KBr) total cm™: 3418 (-OH stretch), 2934
(C-H stretch in CH, and CH.,), 2866 (=C-H stretch), 2339,
1602 (C=C asymmetric stretch), 1566, 1461 (C-H deformation
in gem dimethyD, 1409, 1383, 1251, 1191, 1154, 1109, 1089, 1053
(cycloalkane), 1020, 791; (MS-ES-APCI, m/z): 409.2, 395.3, 335.
The above spectral data (mass, NMR) showed the molecular

formula C,;H,,O, similar to stigmasterol (Figure 1).

LR-02

White powder, C,;H.,0, MW 414.70; IR (KBr) max cm™: 3424
(-OH stretch), 2959 (-CH, CH,, and -CH.), 2936, 2867 (=C-H),
1602, 1565, 1465 (C-H deformation in gem dimethyl), 1382, 1332,
1242, 1191, 1154, 1051 (cycloalkane), 779 cm™; '"H NMR data (400
MHz, CDCL)). The above spectral data (mass, NMR) showed the

molecular formula C,,H. O, similar to 3-sitosterol (Figure 2).

29 50
LR-03
Yellow powder, C_H 0O, MW 302.23; IR (KBr) max cm™ 3413

(-OH bending), 21%418, 71607, 1565, 1523, 1462, 1408, 1383,
1320, 1263 (C-O stretch), 1199, 1168, 1131, 1014, 959, 782 (=C-H
bending); 'H NMR data (400 MHz, CDCL)) 9.57 (1H, s), 9.29-9.33
(2H, d), 7.68-7.69 (1H, d), 7.53-7.69 (1H, m), 6.88-6.90 (1H, d),
6.41 (1H, d), 619 (1H, d); *C NMR data (400 MHz, CDCL,) and
others: 175.81 (C-4), 163.85 (C-7), 160.70 (C-5), 156.17 (C-9),
147.67 (C-2), 146.81 (C-31), 145.03 (C-3), 135.68 (C-61), 121.96.
The above spectral data (mass, NMR) showed the molecular

formula C,,H,,O,, similar to quercetin (Figure 3).

Acute toxicity studies

An oral MELR dosage of 2000 mg/kg caused no immediate
toxic symptoms. Furthermore, no rodents died during 24 h
surveillance. The extracts have been considered to be safe
at the highest allowable dose of 2000 mg/kg; the highest
possible dosage was generally chosen for analgesic and anti-
inflammatory activities, i.e. 200 and 400 mg/kg, 1/5" and 10-
fold drops.

Analgesic activity

Hot plate tests

The mean + SEM showed that the MELR (200 and 400 mg/kg)
caused an improvement in basal reaction time from 9.62+0.22
and 9.49+0.22 at O min to 12.95+0.62 and 14.95+0.85 at 90 min,
respectively (Figure 4, Table 2).

Tail immersion test

The tail immersion approach showed a marked increase of
6.39+£0.15 in MELR (200 mg/kg) and 7.75+0.31 in MELR (400
mg/kg) at 180 min (Figure 5). The inhibition was the strongest
at 400 mg/kg dose at 180 min, lower than normal (Table 3).

Writhing test

Table 4 revealed Limnophila's peripheral pharmacological
behavior on visceral squirming in mice. The control group
displayed maximal writhing (26+£2.12), while MELR had a strong
antinociceptive effect against acetic acid-induced writhing at
doses of 200 and 400 mg/kg, inhibiting pain 33.07% and 49.23%
relative to the control (Figure 6). At 10 mg/kg, diclofenac caused
68.46% (p<0.001) writhing reaction inhibition.

Carrageenan-induced paw edema

Table 5 demonstrates MELR's effect on the paw edema model
relative to carrageenan treatment at different stages. A dosage
of 200 mg/kg MELR was given. MELR administered at a dose
of 200 mg/kg p.o. prevented carrageenan-induced paw edema
with a percentage inhibition of 19.44%, 26.61%, 33.41%, and
41.73% at 1, 2, 3, and 4 h, respectively, and 31.94%, 40.32%,
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Table 1. Phytochemical analysis of various extracts of Limnophila repens

Phytoconstituents Method Pet. ether Chloroform Ethyl acetate Methanolic  n-Butanol  Aqueous
extract extract extract extract extract extract
Flavonoids Shinoda test - - + + - +
Zn + HCl test - - + + - +
Lead acetate test - - + + - +
Volatile oil Stain test + - - + - +
Alkaloids Wagner test - + - + - ¥
Hager's test - + - ¥ - +
Tannins and phenols FeCl, test - - + + + +
Potassium dichromate test - - + + + +
Saponins Foam test - - - - - -
Phytosterols Libermann'’s test + + - + - -
Carbohydrates Molish test - - - + - +
Acid compounds Litmus test - - - - - -
Glycoside Borntragers test - - - + - +
Amino acids Ninhydrin test - - - + - +
Proteins Biuret test - - - + - +
Fixed oils and fats Spot test + - - - - -

Figure 1. Structure of LR-01 (stigmasterol)
LR: Limnophila repens

50.25%, and 61.44% at a dose of 400 mg/kg p.o. at 1, 2, 3, and
4 h, respectively. Diclofenac sodium at a dose of 10 mg/kg p.o.
prevented carrageenan-induced paw edema with a percentage
inhibition of 52.08%, 60.48%, 70.46%, and 73.91% at 1, 2, 3, and
4 h, respectively (Figure 7).

DISCUSSION

Preliminary phytochemical analysis of L. repens revealed many
compounds including flavonoids, volatile oils, alkaloids, tannins,
phytosterols, sugars, glycosides, proteins, and fixed oils.

It is well known that inflammation and pain are the most common
diseases in human and animals, and the current treatment is to
use steroidal and nonsteroidal anti-inflammatory drugs, which
have several side effects.?® L. repens has a long history of

Figure 2. Structure of LR-02 (B-sitosterol)
LR: Limnophila repens

being used for various diseases and is a well-known Indian
medicine, but its analgesic and anti-inflammatory features have
never been reported. We have shown important antinociceptive
and anti-inflammatory behavior of L. repens in various animal
models. The hot-plate test exemplifies centrally moderated
antinociceptiveresponses, whichtypically work on modifications
over a spinal-cord degree. MELR’s major discomfort-endurance
implies core involvement. Some complex therapies like opiate,
dopaminergic, noradrenergic, and serotonergic units usually
centrally treat pain. The analgesic result due to the extract
may be through major operations consisting of these types
of receptors or even through specific procedures associated
with prostaglandin inhibition, leukotrienes, and numerous
other endogenous chemicals that may lead to swelling and
discomfort.?
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The abdominal constriction response evoked by acetic acid is a
sensitiveprocesstoassessperipherally acting analgesics. Acetic
acid usually induces pain by releasing endogenous components
such as bradykinins, histamine, serotonin, and prostaglandins,
which trigger nerve endings. Peritoneal receptors are implied
to communicate with stomach constraints. The strategy also
requires elevated rates of prostaglandin E2 (PGE2) and PGF2 in
peritoneal and lipoxygenase materials.’® The major reduction in
MELR-induced acetic acid writhes indicates that the analgesic
activity may be moderated peripherally along with restriction
of development and discharge of prostaglandins alongside

Figure 3. Structure of LR-03 (quercetin) endogenous drugS.
LR: Limnophila repens

Tail Inmersion Method

Hot plate method 10+
B8 Control

M Aspirin (100 mg/kg)
E= MELR (200 mg/kg)
E= MELR (400 mg/kg)

HBHH Control

M0 Aspirin (100 mg/kg)
B= MELR (200 mg/kg)
E= MELR (400 mg/kg)

Latency (Sec.)

Latency (Sec.)

S S ® S

Time after injection (Min)

Time after injection (Min)

Figure 5. Protective effect of MELR on tail withdrawal reflexes induced by

Figure 4. Effect of MELR on hot-plate method. All the values are expressed tail immersion method in rats. All the values are expressed as mean + SEM,
as mean + SEM, n=5 rat in each group, by one-way ANOVA followed by n=5 rats in each group, by one-way ANOVA followed by Tukey’s multiple
Tukey's multiple comparison test *p<0.05 significant compared to control comparison test. Results are presented as mean + SEM, (n=5), *p<0.05
and #p<0.05 significant compared to standard versus control
MELR: Methanolic extract of Limnophila repens, SEM: Standard error of the mean MELR: Methanolic extract of Limnophila repens, SEM: Standard error of the mean
Table 2. Effect of MELR on hot-plate method
Treatment Reaction time (s)

Time after treatment (min)

0 30 60 90 120
Control 9.55+0.94 9.68+0.97 9.72+0.6 9.62+0.68 9.48+0.62
Aspirin (100 mg/kg) 9.34+0M 17.64+0.46* 15.84+0.39* 12.13+0.84* 9.71£0.54*
MELR (200 mg/kg) 9.62+0.22 9.46+0.1% 10.95+0.58# 12.95+0.62% 10.09+0.56*
MELR (400 mg/kg) 9.49+0.22 10.72+0.38 12.15+0.31 14.95+0.85 10.64+0.54

All the values are expressed as mean + SEM, n=5 rats in each group, by one-way ANOVA followed by Tukey's multiple comparison test. *p<0.05 significant compared to control
and *: p<0.05 significant compared to standard, MELR: Methanolic extract of Limnophila repens, SEM: Standard error of the mean

Table 3. Protective effect of MELR on tail withdrawal reflexes induced by tail immersion method in rats

Treatment Reaction time (s)

Time after treatment (min)

0 30 60 90 120 180
Control 2.3120.06 2.2 £+0.04 2.42+0M 2.51+0.08 2.56+0.08  2.64+0.09
Aspirin (200 mg/kg) 2.34+0.23 3.68+0.28 4.7+0.36 5.33+0.28 6.39+0.39  8.08+0.17
MELR (200 mg/kg) 2.03+0.07 2.8+0.15 3.6+0.22 4.46+0.22 5.4+0.16 6.39+0.15
MELR (400 mg/kg) 2.44+0M 3.89+0.23 4.89+0.18 5.78+0.14 6.4+0.18 7.75+0.31

All the values are expressed as mean + SEM, n=5 rats in each group, by one-way ANOVA followed by Tukey's multiple comparison test. Results are presented as mean + SEM,
(n=5), *p<0.05 versus control, MELR: Methanolic extract of Limnophila repens, SEM: Standard error of the mean
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As an animal model for extreme swelling, carrageen-induced
edema remains largely unused and is actually considered
Acetic Acid-Induced Writhing test

biphasic. The initial stage (1-2 h) is largely solved in cell-
ruined environments by histamine, serotonin, and increased
prostaglandin formation. The latter stage (3 h) is liable to
release prostaglandin and regulated by tissue macrophages,3?

* EH CO”_“.‘" bradykinin, and leukotrienes. In MELR's late-stage, substantial
ﬁzo- HH g :\Azpign(gz)%omr;g/;{(:g);) §uppressive activity (p<.0.05) indicates its‘ powerful ar?ti—
= &3 MELR (400 mg/kg) inflammatory effect. It is comparable to diclofenac, which
% prevented edema at 10 mg/kg by 61.44%, a statistically
g 109 $ significant finding (p<0.05). Ueno et al.** reported that rodent

paw carrageen therapy results in bradykinin production that

0 . eventually leads to prostaglandin biosynthesis, as well as many

Treatment

Figure 6. Effect of MELR on acetic acid-induced writhing behavior in mice

*p<0.001 versus control, #p<0.001 versus aspirin, and @p<0.001 versus
MELR (200 mg/kg),

MELR: Methanolic extract of Limnophila repens

S_Carrageenan-lnduced e EA Carrageenan control (0.1 ml of 1%

E3 Carrageenan + MELR (200 mg/kg)
@D Carrageenan + MELR (400 mg/kg)

Volume of Paw edema (mm.)
SRR SRR ERE S RREsEEs

© & & &
S o K4 o

Time after injection (Min)

Figure 7. Effect of MELR on carrageenan-induced paw edema method.
Results are presented as mean + SEM, (n=5), $p<0.001 versus control;
#p<0.001 versus diclofenac (10 mg/kg)

MELR: Methanolic extract of Limnophila repens, SEM: Standard error of the mean

other autacoids that accumulate inflammatory exudates.** PGE2
is a dominant vasodilator with many endogenous vasodilators,
notably histamine and bradykinin, in severe inflammatory
environments. Extract action mode is firmly recommended to
suppress prostaglandin synthesis. Tests revealed that MELR
has essential anti-inflammatory properties at various stages.
Carrageenan-induced inflammation is an essential way to

wiv) . - . . .
&3 Carrageenan + Dickofensc (10 determine anti .|nflammat0ry f'ur?ctlc.)n. Edema formatpn |n.the
mg/kg) rat paw following carrageen injection stems from histamine,

serotonin, and prostaglandin release and associated substances.
MELR has good anti-inflammatory behavior.>*" Due to anabolic
steroids, i.e. B-sitosterol and stigmasterol,*® flavonoids such
as quercetin® and glycosides present in the extract, this
significant anti-inflammatory and analgesic impact results from
the inhibition of any inflammatory mediators. The latest results
indicate Limnophila's efficacy in treating acute inflammation.
The result also confirms the folklore information on the anti-
inflammatory and analgesic property of the L. repens extract.
Yet, additional phytochemical along with pharmacological

Table 4. Effect of MELR on acetic acid-induced writhing behavior in mice

Treatment Writhing count Writhings % of % of

M-1 M-2 M-3 M-4 M-5 (mean £ SEM)  writhing inhibition
Control 28 26 25 23 28 26212 100 0
Diclofenac sodium (5 mg/kg) 7 9 " 6 8 8.211.92 31.54 68.46
MELR (200 mg/kg) 16 20 12 18 21 17.4+3.57 66.93 33.07
MELR (400 mg/kg) 12 15 8 16 15 13.2+3.27 50.77 49.23

M-1: Mouse 1, M-2: Mouse 2, M-3: Mouse 3, M-4: Mouse 4, M-5: Mouse 5, MELR: Methanolic extract of Limnophila repens, SEM: Standard error of the mean

Table 5. Effect of MELR on carrageenan-induced paw edema method

Group Change in paw thickness (mm) + SD % Inhibition at hours

1h 2h 3h 4h 1h 2h 3h 4h
Carrageenan (1% w/v of 0.1 mL) 1.44+0.12 2.48+0.21 3.86+0.18 3.45+0.16 - - - -
Carrageenan + diclofenac (10 mg/kg) 0.69+£0.21°  0.98£0.15°*  114£0.12° 0.9+0.2° 52.08 60.48 70.46 7391
Carrageenan + MELR (200 mg/kg) 116£0.21%  1.82+0.3* 2.57+0.12%  2.01x0.18%* 19.44 26.61 33.41 41.73
Carrageenan + MELR (400 mg/kg) 0.98+0.14 1.48+0.18 1.92+0.12 1.33£0.21 31.94 40.32 50.25 61.44

Results are presented as mean * SEM, (n=5), *: p<0.001 versus control, #p<0.001 versus diclofenac (10 mg/kg), MELR: Methanolic extract of Limnophila repens, SD: Standard
deviation, SEM: Standard error of the mean
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activity are needed to figure out the various other chemical
components responsible for the anti-nociceptive and also anti-
inflammatory effects.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Global DNA Hypomethylation and RassfTa and
c-myc Promoter Hypermethylation in Rat Kidney
Cells after Bisphenol A Exposure

Bisfenol A Maruziyeti Sonrasi Sican Bobrek Hiicrelerinde Global DNA
Hipometilasyonu ve Rassf1a ile c-myc Promotor Hipermetilasyonu

® Pinar TUZCUOGLU, @ Sibel OZDEN*

istanbul University Faculty of Pharmacy, Department of Pharmaceutical Toxicology, istanbul, Turkey

ABSTRACT

Objectives: Bisphenol A (BPA) is a synthetic monomer used in the production of polycarbonate and an environmental contaminant with endocrine
disrupting properties. BPA release from plastic carriers is thought to cause high amounts of exposure, which result in high risk to human and
environment health.

Materials and Methods: The study examined the possible changes in global DNA methylation, CpG promoter DNA methylation, and gene expressions
of Rassfla and c-myc after BPA exposure in rat kidney epithelial cells (NRK-52E).

Results: The IC_; values of BPA in NRK-52E cells were 133.42 and 101.74 pM in the 3-(4,5-dimethylthiazol-2-y-2,5-diphenyltetrazolium bromide
(MTT) and neutral red uptake tests, respectively. The cells were treated with BPA at 1 nM, 10 nM, 100 nM, 1 uM, and 10 yM concentrations for 24 h
and at 100 nM concentration for 24, 48, 72, 96 h, and 6 days. Decreased global 5-methylcytosine levels were observed after 48, 72, 96 h, and 6 days
at the concentration of 100 nM BPA. Changes in CpG promoter DNA methylation were detected in the genes of Rassfla and c-myc in BPA-treated
NRK-52E cells. Expression levels of Rassfla and c-myc changed in response to BPA at the high concentrations after 24 h treatment, whereas 100
nM exposure to BPA altered gene expression after 48, 72, and 96 h.

Conclusion: These results indicate that changes in global and gene-specific DNA methylation may play an important role in the mechanism of BPA
toxicity in kidney cells.

Key words: Bisphenol A, DNA methylation, Rassfla, c-myc, NRK-52E cells

oS |

Amag: Bisfenol A (BPA), polikarbonat Uretiminde kullanilan sentetik bir monomerdir ve gevresel bir kontaminant olup endokrin bozucu 6zelliklere
sahiptir. BPA'nin plastik taslyicilardan salinmasi yiiksek oranda maruziyete sebep olabilir, bu durum insan ve gevre sagligi tizerinde yiiksek oranda
riske sebep olabilir.

Gereg ve Yontemler: Bu ¢alismada, BPA'nin sigan bobrek epitel hiicrelerinde (NRK-52E) global DNA metilasyonu, Rassfla ve c-myc genlerinin CpG
promotor bélge DNA metilasyonu ve gen ekspresyonu Uzerinde olusturabilecegi degisikliklerin arastirildi.

Bulgular: BPA'nin IC_, degeri NRK-52E hiicrelerinde 3-(4,5-dimethylthiazol-2-yD-2,5-difenil tetrazolium bromid ve nétral kirmizi alim testi ile
sirastyla 105 pM ve 88 pM olarak bulundu. Hiicreler 1 nM, 10 nM, 100 nM, 1 pM ve 10 uM konsantrasyonlarda BPA'ya 24 saat boyunca ve 100 nM
konsantrasyonda BPA'ya 24, 48, 72, 96 saat ve 6 gin boyunca maruz birakildi. 48, 72, 96 saat ve 6 gun sonra 100 nM BPA konsantrasyonunda
global 5-metilsitozin seviyelerinde azalma gézlendi. BPA'ya maruz birakilmis NRK-52E hiicrelerinde Rassfla ve c-myc genlerinin CpG promotér
bolgelerinde metilasyonda degisiklikler tespit edildi. Rassfla ve c-myc genlerinin ekspresyon seviyeleri ylksek konsantrasyonlarda 24 saat BPA
maruziyet ile ve 100 nM konsantrasyonda 48, 72 ve 96 saat BPA maruziyetleri ile degisiklik gosterdi.

Sonug: Bu sonuglar, bobrek hiicrelerinde global ve gene 6zgi DNA metilasyonundaki degisikliklerin BPA'nin toksisite mekanizmasinda 6nemli bir
rol oynayabilecegini gostermektedir.

Anahtar kelimeler: Bisfenol A, DNA metilasyonu, Rassfla, c-myc, NRK-52E hucreleri
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INTRODUCTION

Bisphenol A [(BPA); 4,4'-dihydroxy-2,2-diphenyl propane] is
an organic compound used in the production of polycarbonate.
BPA is found in the composition of many products such as
medical supplies, the inner coating of food and beverage
packaging, the coating of electrical materials, and protective
clothing! It was determined that BPA can pass into food and
beverages from many materials in very small amounts. Even in
normal conditions, BPA is indicated to be released from plastic
carriers. Various studies have shown that BPA affects enzyme
activities, metabolism, and gene activity in hormone receptors
in target tissues, and deteriorates the endocrine system due
to estrogenic and androgenic effects.? It was underlined that
BPA may play a role in the etiology of many diseases such
as diabetes, obesity, reproductive disorders, cardiovascular
disorders, congenital anomalies, renal disorders, and breast
cancer.®

Many studies have been performed to evaluate the toxicity
mechanisms of BPA, especially epigenetic mechanisms in
various systems.3* Therefore, epigenetic events such as DNA
methylation may play an important role in the toxicity of BPA as
an endocrine disrupting chemical.?3%¢ In the present study, we
aimed to examine the effects of BPA on global and gene specific
DNA methylation as epigenetic mechanisms in BPA toxicity in
rat kidney epithelial cells (NRK-52E) cells. The results obtained
are expected to contribute to a better understanding of the key
molecular mechanisms of BPA toxicity.

MATERIALS AND METHODS

Chemicals

Stock solution (100 mmol/L) of BPA (99% purity, Sigma-Aldrich,
St Louis, MO, USA) was prepared by dissolving it in dimethyl
sulfoxide [(DMSOQ), Wisent Bioproducts, Saint-Jean-Baptiste,
QC, Canadal and kept at -20 °C. Cell culture supplements
were obtained from Wisent Bioproducts (Saint-Jean-Baptiste,
QC, Canada) and sterile plastic materials were obtained from
Greiner (Frickenhausen, Germany).

Cell culture and Bisphenol A treatment

The rat kidney proximal tubular epithelial cell line (NRK-52E)
was used from the American type culture collection and
cultured in Dulbecco’s Modified Eagle’'s Medium/Ham'’s Nutrient
Mixture F-12, supplemented with 10% fetal bovine serum and
penicillin-streptomycin (100 U-100 pg/mbL) under standard
cell culture conditions (37 °C, humidified atmosphere with
5% CO,). Subculturing was performed every 2-3 days (70-
80% confluence) using trypsinization. Cells were counted by a
LUNA automated cell counter (Logos Biosystems, Annandale,
VA, USA).

For the cytotoxicity assays, cells (1x10* in 200 pL of medium
in a 96 well plate) were exposed to BPA in the concentrations
range of 31.25-1000 uM and DMSO (1%) as solvent control for
24 h.

For the DNA methylation and gene expression analysis, cells
(1.5x10° in 10 mL of medium in a 25-cm? culture flask) were

exposed to BPA at the concentrations of 1 nM, 10 nM, 100 nM,
1 uM, and 10 uM and DMSO (1%) as solvent control for 24 h,
and BPA at the concentration of 100 nM and DMSO (1%) as
control for 48 h, 72 h, 96 h, and 6 days. For all concentrations,
it was tested in triplicate. Treated cells were performed for
DNA isolation by High Pure PCR Template Preparation Kit
(Roche Applied Science, Mannheim, Germany), and for total
RNA isolation by High Pure RNA Isolation Kit (Roche Applied
Science, Mannheim, Germany) according to the procedure
provided by the manufacturer.

Cytotoxicity

After 24 h of BPA treatment, cytotoxicity tests were performed
using 3-(4,5-dimethylthiazol-2-yD-2,5-diphenyltetrazolium
bromide (MTT) and neutral red uptake (NRU) tests. Briefly, in
the MTT test, 20 pL of MTT solution was added to each well
followed by gentle mixing, and then the plate was incubated
for 3 h at 37 °C, 5% CO,. After the incubation, 100 uL of DMSO
(100%) was added to each well followed by gentle mixing again.
The resulting purple solution was spectrophotometrically
measured at 560 nm with a reference wavelength of 670 nm
using a microplate spectrophotometer system (Biotek-Epoch,
Winooski, VT, USA). In the NRU test, in a 96 well plate cells
were washed with 150 pL of Phosphate buffered saline (PBS)
solution and 100 pL of neutral red vital dye was added to the
cells; then the plate was incubated for 3 h at 37 °C, 5% CO,.
The cells were washed with PBS and then 100 pL of neutral red
vital dye dissolution was added to each well followed by gentle
mixing. Then the optical density of the plate was read at 540 nm
using a microplate spectrophotometer system (Biotek-Epoch,
Winooski, VT, USA). The cytotoxicity results were expressed as
50% of inhibitory concentration (IC,) of the BPA that caused
50% inhibition of the enzyme activity in the cells. Based on our
cytotoxicity results and previous studies in various cells," in
the present study we chose BPA concentrations of 1 nM, 10 nM,
100 nM, 1 uM, and 10 uM for 24 h treatment and a concentration
of 100 nM for 24, 48, 72, 96 h, and 6 day treatments for the
analysis of DNA methylation and gene expression.

Global DNA methylation

Levels of global 5-methylcytosine (5-mC) were determined by
using a 5-mC DNA ELISA kit (Zymo Research, Irvine, CA, USA)
according to the instructions provided by the manufacturer. For
this, 100 ng of each DNA was denatured at 98 °C for 5 min in a
thermal cycler. The denatured DNA was added to the wells and
incubated at 37 °C for 1 h. Then samples were incubated with
antibody mix consisting of anti-5-mC and secondary antibody.
After the washing steps, HRP developer was added to each well
and absorbance was measured at 405 nm using a microplate
spectrophotometer system (Biotek-Epoch, Winooski, VT,
USA). The methylation ratio of DNA samples was calculated
as a percentage using calibration standard curves by preparing
mixtures of negative control (100 ng/uL) and positive control
(100 ng/ul) standards.

Gene-specific DNA methylation
Determination of DNA methylation on CpG islands in promoter
regions of Rassfla and c-myc genes was performed using
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methylation specific (MSP) PCR. In our previous study we
described the study protocol in detail.”® In MSP, genomic DNA
is modified by treatment with sodium bisulfite, which converts
all methylated cytosines to uracil and then to thymidine during
the subsequent PCR step!’ Bisulfite DNA modification
was performed by using an EZ DNA Methylation-Gold Kit
(Zymo Research, Irvine, CA, USA) according to the manual’s
instructions. Methylated and unmethylated primer pairs were
used to amplify each region of interest. The primer sequences
are listed in Table 17%'" After the PCR reaction, MSP products
were analyzed by agarose gel electrophoresis, stained with
ethidium bromide, and visualized under ultraviolet light
(Quantum ST4-Vilber Lourmat, Torcy, France).

Gene expression

First-strand cDNA synthesis was performed using 1000 ng of
total RNA by using a Transcriptor First Strand cDNA Synthesis
kit (Roche Applied Science, Mannheim, Germany) with a mixture
of anchored-oligo (dT) and random hexamer primers according
to the manual's instructions. Expression analysis of Rassfla and
c-myc genes was performed by using real-time quantitative
PCR employing Light Cycler 480 Probes Master with Real Time
ready Custom Single Assays (Universal ProbeLibrary Probes,
Roche Applied Science, Mannheim, Germany) containing target
specific primers for Rassfla and c-myc according to our previous
study.? Cycle threshold (Ct) values of Rassf7a and c-myc and the
reference gene (B-actin) were determined and evaluation of the
relative expression was performed by comparative Ct method.

Statistical analysis

Global methylation levels and cytotoxicity results were
represented as mean + standard deviation. Statistical analysis
was performed by ANOVA (Tukey's multiple comparison
procedure) using SPSS version 21.0 for Windows (IBM
Analytics, New York, NY, USA). P values <0.05 and <0.001 were
considered statistically significant.

RESULTS AND DISCUSSION

BPA hasbeen frequently exposed indaily life and has been shown
to be harmfulin living organisms due to its endocrine disrupting
properties.?’®2 Various studies have revealed that BPA affects
enzyme activity and metabolism in various tissues, causing
change in the number of hormone receptors and hormone
receptor gene activity in target tissues, and deteriorates the
endocrine system.? It has been revealed that BPA might induce
cancer development and various studies have explained its
relations with several cancer types.?' BPA can induce epigenetic

changes in early life in humans and may affect several cell
signaling pathways via epigenetic mechanisms.? It has been
reported in recent studies that epigenetic alterations could
be useful biomarkers for the toxicity evaluation of endocrine
disrupting chemicals.®2*%> Therefore, in the present study,
we aimed to investigate the effects of dose-dependent BPA
exposure for 24 h and time-dependent 100 nM concentration of
BPA exposure on the alteration of global and gene specific DNA
methylation and gene expression in NRK-52E cells. We chose
NRK-52E cells with the characteristic properties of proximal
tubule epithelial cells targeted by nephrotoxic agents to show
the epigenetic effects of BPA in kidney cells.

Cell viability was determined by MTT and NRU assays in the BPA
treated NRK-52E cells. The relationship between the exposure
concentrations of BPA treated NRK-52E cells and % reduction
in cell viability is shown in Figure 1. IC,  values of BPA were
determined as 105 uM and 88 uM in NRK-52E cells by the MTT
and NRU tests, respectively. Decreased global DNA methylation
at a concentration of 100 nM BPA was observed in the range
of 19.76%-25.30% after 48, 72, 96 h, and 6 days (Figure 2).
However, there was no change in the global DNA methylation at
the concentrations of 1 nM-10 uM BPA for 24 h exposure (data
not shown). Accordingly, in our previous studies, global levels
of 5-mC% decreased after 1 and 10 uM BPA treatment for 96 h
in HepG2 cells® and 0.1 and 1 uM BPA treatments for 48 and 96
h in MCF-7 cells.” Conversely, in another previous study, we
observed no global methylation changes after 48 h exposure

120
—+—MTT —=—NRU

%

-
8
#*
#
*

% Reduction in cell viability
4

*
0 31,25 62,5 125 250 500 1000
BPA treatments (uM)

Figure 1. Effects of BPA (0-1000 pM) on cytotoxicity by MTT and NR in
NRK-52E cells after 24 h exposure. Data are presented as mean + SD.
Statistical analysis was performed by ANOVA + dunnett post hoc test.
Statistically significant changes are indicated by *p<0.05 and **p<0.001

BPA: Bisphenol A, MTT: 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazolium bromide,
SD: Standard deviation, NRU: Neutral red uptake

Table 1. Primer sets for MSP analysis

Primer set Forward primer 5’ ® 3’ Reverse primer 3' ® 5’ Annealing temp (‘C)  Reference
c-myc - M ttt gtt ttt tcg att tta gag aga c tta tcc tac gta tat taa tca ccg c 55 13,16
c-myc-U tgt ttt ttt gat ttt aga gag atg a ctt atc cta cat ata tta atc acc aca 55

Rassfla - M ttt ttt tcg gtt ttt ttt cgt c caa cta ata aat tcg taa cga acg taa caa cta 64 17
Rassfla - U tgt ttt tit tgg ttt ttt ttt gtt ata aat tca taa caa aca 59

MSP: Methylation specific, M: Methylated, U: Unmethylated
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to BPA, whereas significant increases were seen in the global
level of 5-mC% (1.3 fold) after 10 uM of BPA for 96 h exposure
in neuroblastoma (SHSY-5Y) cells.? According to the results of
the present study, BPA decreased global DNA methylation in rat
liver,?® human fetal liver samples,?” and porcine oocyte culture
at 250 uM concentration.?®

Rassf1 is a tumor suppressor gene that has a significant role in
cancer and it is thought that its regulation was associated with
CpGisland promoter DNA methylation. c-myc, a proto-oncogene,
codes a transcription factor and controls cell proliferation. It
has been shown that increases in the expression of the c-myc
gene were associated with hypomethylation, which could be
related to cell proliferation in liver and renal cancers.?>3 A
representative profile of MSP for the c-myc gene in BPA treated
NRK-52E cells is shown in Figure 3. Increases in promoter
methylation were detected in Rassf! and c-myc genes at the

Control BPA |Control BPA |Control BPA |Control BPA [Control BPA
M

72h
BPA Treatments

Figure 2. Effects of BPA (100 nM) in the levels of 5-mC% in NRK-52E cells
after 24, 48, 72, 96 h, and 6 days exposure. Data are presented as mean +
SD. Genomic DNA was extracted, then 5-mC% levels were detected using
the ELISA kit. Statistical analysis was performed by ANOVA + dunnett post
hoc test. Statistically significant changes are indicated by *p<0.05

BPA: Bisphenol A, SD: Standard deviation

emys, Control BPA Treatments for 24 hours
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U MU MU M U M U M UM UM
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100 bp|
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Figure 3. Effects of BPA on methylation status of c-myc in NRK-52E
cells. A representative sample of NRK-52E cells treated with BPA
at the concentrations of 1 nM, 10 nM, 100 nM, 1 uM, and 10 puM for 24 h
and concentration of 100 nM for 24, 48, 72, 96 h, and 6 days is shown.
Methylation was determined by bisulfite modification of the genomic
DNA and MSP using primers for the U or M promoter sequence. C1 and
C2=DMSO (1%) as control instead of BPA treatment

U: Unmethylated, M: Methylated, BPA: Bisphenol A, MSP: Methylation specific, DMSO:
Dimethyl sulfoxide, C1: Contol 1, C2: Control 2

BPA concentrations of 1 and 10 uM in NRK-52E cells over 24 h
while no methylation was detected in control samples by using
MSP following bisulfide conversion. In addition, BPA caused
increases in promoter methylation of Rassf! and c-myc genes
at the concentration of 100 nM in a time-dependent manner
(48 h, 72 h, 96 h, and 6 days) in NRK-52E cells. Expression
levels of Rassfla and c-myc genes are shown in Figures 4 and
5. In response to BPA, expression of Rassfla and c-myc was
decreased at 1 pM for 24 h (26.66% and 37.3%, respectively)
and 10 uM for 24 h (25.11% and 22.24%, respectively). Moreover,
100 nM exposure of BPA caused decreases in expression of the
Rassfla and c-myc genes after 48, 72, and 96 h BPA treatment
with regard to control samples, and there was a nonsignificant
increase for 6-day BPA treatment (Figure 5). According to the
results, the decrease in gene expression of Rassfla and c-myc
was correlated with DNA methylation results, which showed
an increase in CpG promoter methylation of the genes. In
our previous study in HepG2 cells, no change as observed in
promoter methylation or gene expression of the Rassfla gene
after BPA exposure.®
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4. Effects of BPA (1 nM, 10 nM, 100 nM, 1 pM, and 10 uM) on expression
of Rassfla and c-myc genes by real-time PCR in NRK-52E cells after 24
h exposure. PCR reaction was done as described in the Materials and
methods section. The real-time PCR results were standardized against
B-actin and the relative ratios were calculated

*p<0.05, BPA: Bisphenol A
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Figure 5. Effects of BPA (100 nM) on expression of Rassfla and c-myc
genes by real-time PCR in NRK-52E cells after 24, 48, 72, 96 h, and 6
days exposure. PCR reaction was done as described in the Materials and
methods section. The real-time PCR results were standardized against
B-actin, and the relative ratios were calculated

*p<0.05, **p<0.001, BPA: Bisphenol A
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CONCLUSION

Based on the findings of the present study, BPA caused
alterations in expression and methylation in the promoter region
of the Rassf1a and c-myc genes associated with cancer related
pathways in NRK-52E cells after 24-96 h exposure periods.
It has been suggested that alterations in DNA methylation in
the Rassfla and c-myc genes might be key regulators in the
toxicity mechanisms of BPA. Further studies on the expression
of chromatin modifying enzymes, DNA methylation, and global
and gene-specific histone modifications after BPA exposure
in cell cultures are needed to better understand alterations in
epigenetic mechanisms in BPA-induced toxicity.
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Spondias mombin L. (Anacardiaceae) Tohumunun Fitokimyasal Bilesenleri,
Antioksidan Aktivitesi ve Toksisite Degerlendirmesi
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ABSTRACT

Objectives: Increased generation of free radicals exceeding the antioxidant capacity of the host is deleterious. Thus new, potent, and safe antioxidants
will be a valuable addition to the limited antioxidant arsenals available. Therefore, the antioxidant activity, cytotoxicity potential, and phytochemical
constituents of the methanol extract of Spondias mombin seed (MESSM) were investigated.

Materials and Methods: 2,2-diphenyl-1-picrylhydrazyl (DPPH), nitric oxide (NO), and hydrogen peroxide (H,0,) were the antioxidant assays used.
The cytotoxicity of MESSM was evaluated against a rhabdomyosarcoma (RD) cell line in a 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyl tetrazolium
bromide based assay. The phytochemical constituents of MESSM were identified using gas chromatography-mass spectrometry.

Results: MESSM produced better antioxidant activity in the DPPH (IC_ =58.64+1.49 pg/mL) and H,0, (IC_ =44.03+5.57 pg/mL) assays than in the
NO (IC, =494.55+12.68 pg/mL, p<0.0001) assay. Moreover, MESSM was nontoxic (CC, =139.6+0.54 pg/mL) in comparison to cyclophosphamide
(CC,,=0.97+0.03 ug/mL) against the RD cell line. The major compounds in MESSM were dodecanoic acid (22.48%), tetradecanoic acid (17.95%),
n-hexadecanoic acid (15.35%), capsaicin (12.11%), and dihydrocapsaicin (5.23%).

Conclusion: The seed extract of Spondias mombin contains nontoxic antioxidant compounds that could be explored in the pharmaceutical and
cosmetics industries for the development of antioxidant agents.

Key words: Seed of Spondias mombin, antioxidants, cytotoxicity, GC-MS

OZ |

Amag: Konagin antioksidan kapasitesini asan serbest radikallerin artmasi zararlidir. Bu nedenle, yeni, gigli ve glvenli antioksidanlar, mevcut
sinirli antioksidanlara degerli katki saglayacaktir. Bu nedenle, Spondias mombin tohumunun (MESSM) metanol ekstraktinin antioksidan aktivitesi,
sitotoksisite potansiyeli ve fitokimyasal bilesenleri arastirildi.

Gereg ve Yontemler: 2,2-difenil-1-pikrilhidrazil (DPPH), nitrik oksit (NO) ve hidrojen peroksit (H,0,) kullanilan antioksidan deneylerdi. MESSM'nin
sitotoksisitesi, 3-(4,5- dimetil tiyazol-2-yD-2,5- difenil tetrazolium bromiir ile bir rabdomiyosarkom (RD) hiicre hattinda degerlendirildi. MESSM'nin
fitokimyasal bilesenleri gaz kromatografisi-kutle spektrometresi kullanilarak tanimlandi.

Bulgular: MESSM, DPPH (IC, =58,64+149 pg/mL) ve H,0, (IC, =44,03+557 pg/mL) deneylerinde NO (IC, =494,55+12,68 ug/mL, p<0,0001)
deneyinden daha iyi antioksidan aktivite gosterdi. Ayrica, MESSM'in RD hiicre hattina karsi siklofosfamide (CC, =0,97+0,03 pg/mL) kiyasla toksik
olmadigi (CC,=139,6+0,54 pg/mL) bulundu. MESSM'deki ana bilesiklerin, dodekanoik asit (%22,48), tetradekanoik asit (%17,95), n-heksadekanoik
asit (%15,35), kapsaisin (% 12,11) ve dihidrokapsaisin (% 5,23) oldugu bulundu.

Sonug: Spondias mombin'in tohum ekstresinin, ilag ve kozmetik endustrilerinde antioksidan ajanlarin gelistirilmesi igin arastirilabilecek toksik
olmayan antioksidan bilesikler igerdigi sonucuna varildi.

Anahtar kelimeler: Spondias mombin tohumu, antioksidanlar, sitotoksisite, GC-MS
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INTRODUCTION

Free radicals such as reactive oxygen species (ROS) in the
form of superoxide anion (0,), hydroxy! radical, and hydrogen
peroxide (H,0,), and reactive nitrogen species (NOS) in the form
of nitric oxide (NO) radical are by-products of the human body’s
metabolism and can also be generated from exogenous stimuli.
A physiological amount of ROS is considered to function in
signal delivering while an excessive amount damages DNA,
proteins, and lipids, which can induce cell death, implicated in
the pathogenesis of cancer, ageing,2ophthalmological diseases,’
cardiovascular diseases,* and many general neurodegenerative
pathologies like Alzheimer's disease,® Parkinson’'s disease,®
and prion disease.”

Excessive ROS are neutralized by a controlled and balanced
complex web of antioxidant defenses in the body.® Antioxidants
help to minimize the effect of free radicals on biomolecules
by scavenging them. However, if production of free radicals
overwhelms the biological antioxidants, there will be a need
for introduction of an external source of antioxidants. An
external source of antioxidants offers a promising way to
prevent the deleterious effect of excessive exposure to ROS.®
It has been reported by previous studies that phytochemicals
such as flavonoids and polyphenols can help in preventing the
development of chronic diseases.”Moreover, the use of extracts
from pomegranate, green tea, grape seed, and mushrooms
as antioxidants in skin care products to prevent the clinical
signs of photoaging is on the increase.?® Thus, the interest
in naturally occurring antioxidants in foods, cosmetics, and
pharmaceutical products has significantly increased. Prolonged
use of antioxidants necessitates the need for safe and effective
antioxidants that the natural agents symbolize, unlike the
synthetic antioxidants that have been associated with toxicity™
and carcinogenic effects'? after prolonged use.

There is a need to search for more antioxidants of natural
origin that can be added to the limited arsenals of antioxidants
available. Spondias mombin (S. mombin) is a fructiferous tree
that is commonly found in Nigeria, Brazil, Peru, southern Mexico,
Sierra Leone, Equatorial Guinea and Céte d'lvoire™ In Nigeria,
it is commonly known as iyeye in the Yoruba ethnomedicine.
Antidiarrheal, antimicrobial, diuretic, febrifuge, and emetic
activities of the fruit, leaf, or bark of S. mombin leaf have been
reported.*®The flower, leaf, or bark are used for wound healing
and to treat stomachache and various inflammatory conditions.”
Antioxidant activity of the leaf and fruit has been reported.?0?
Despite the information on the leaf, fruit, flower, and stem bark
of S. mombin, little is known about the usefulness of its seed,
which is considered a waste product. Therefore, we report the
antioxidant, cytotoxicity, and phytochemical composition of the
seed of S. mombin.

MATERIALS AND METHODS

Reagents

Sodium bicarbonate, sodium hydroxide, 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), rutin, Folin-Ciocalteu reagent, rutin, gallic acid,
ascorbic acid, sodium nitroprusside, sulfanilamide, N-naphthy!-

ethylenediamine dihydrochloride, and 3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyl tetrazolium bromide (MTT) were obtained from
Sigma Aldrich Co., St. Louis, MO, USA.

Plant collection

The fresh fruit of S. mombin was collected behind the
Pharmacology and Therapeutics building, University of Ibadan
on 20 September 2017. Identification of the plant was done by
Mr. D. P. Esimekhuai of the Botany Department, University of
Ibadan (UIH-22764).

Plant extraction

The fleshy part of the S. mombin fruit was removed completely;
thereafter the seed was oven dried at 40 °C and pulverized. The
maceration method of extraction was employed by soaking 203 g
of S. mombin seed in a mixture of methanol:water (70:30) for 72
h. The solvent was removed at reduced pressure and temperature
in order to obtain the extract, which was kept at 4 °C.

Total phenolic content (TPC)

The determination of the TPC of methanol extract of Spondias
mombin (MESSM) was carried out by following the procedures
of a previously reported method.?? Briefly, 0.1 mL of MESSM
(1 mg/mL) and 0.1 mL of Folin-Ciocalteu phenol were mixed
and left for 5 min. Thereafter, 1 mL of 7% Na,CO,and 1.3 mL
of distilled water were added. The mixture was allowed to
stand for 90 min at 29 °C. Optical density (OD) was obtained
at 750 nm. The TPC was estimated in triplicate and expressed
as milligrams of gallic acid equivalents (GAE) per gram of the
dried seed of S. mombin.

Total flavonoid content (TFC)

The determination of MESSM TFC was done according to a
previously reported method.?® First, 0.3 mL of MESSM (1 mg/
mL), 015 mL of AICL.6H,0 (0.3 M), 0.15 mL of NaNQ, (0.5 M),
and 3.4 mL of methanol (30%) were mixed. After 5 min, the
reaction was stopped with 1 mL of NaOH (1 M). The absorbance
was obtained at 506 nm. The TFC was estimated in triplicate
and expressed as milligrams of rutin equivalents (RE) per gram
of the dried seed of S. mombin.

Antioxidant assays of MESSM

DPPH assay

A modified version of the method described by Silva et al.?* was
followed. Briefly, gradient concentrations of MESSM (6.25-
400 pg/mL) or the standard drug ascorbic acid (0.25-16 pg/
mL) were prepared in ethanol and incubated with 0.04 mg/mL
DPPH (1:1.5 vol/vol) for 30 min at 29 °C in the dark. OD was
obtained at 517 nm and expressed as percentage of the control.

Hydrogen peroxide assay

A previously reported method was used.”H,0,free radical was
generated from H,0, solution. Briefly, 2 mM of freshly prepared
H,0, (6:1 v/v) was mixed with gradient concentrations of
MESSM (6.25 to 400 pg/mL) or ascorbic acid (2.5-160 pg/mL).
The mixture was left in the dark for 10 min at 29 °C. Thereafter,
absorbance was recorded at 230 nm.
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Nitric oxide assay

Briefly, sodium nitroprusside in aqueous solution (40 mM) was
added to graded concentrations (50-800 pg/mlL) of MESSM
(1:4 v/v) and kept in the dark at 29 °C for 2 h. Subsequently,
the resulting solution was mixed with Griess reagent (1:1 v/v)
and kept for 15 min in the dark at 29 °C.?® Absorbance was
obtained at 550 nm and the amount of NO in each of the wells
was estimated from the sodium nitrite curve. Ascorbic acid at
2.5-160 pg/mL served as the standard drug.

Data analysis for antioxidant assays

OD values of MESSM or ascorbic acid in all the antioxidant
assays were calculated and represented as the percentage of
the negative control. Percentage scavenging activity in respect
to the negative control was calculated. The 50% inhibitory
concentration of MESSM (IC,)) was determined using linear
regression in a commercial statistical package, Origin®.

Toxicity assessment of MESSM against the rhabdomyosarcoma
(RD) cell line

A published method was used.? Briefly, a ten-fold serial dilution
of 1 mg/mL MESSM was prepared in culture media resulting in
0.01-1000 pg/mL. A confluent monolayer of RD cells cultured
in a microtiter plate for 24 h was incubated with the graded
concentrations of MESSM or cyclophosphamide (positive
control) at 37 °C in 5% CO,. After 72 h, 25 pL of 2 mg/mL MTT
solution was added and further incubation was done for 1.5 h at
37°Cin 5% CO,. Finally, 125 pL of DMSO was added to the cells
and they were agitated for 15 min. Absorbance was recorded at
492 nm and expressed as percentage of the negative control.
The 50% cytotoxic concentration (CC, ) was determined using
nonlinear regression in GraphPad Prism 5¢.

Chemical composition of MESSM using gas chromatography-
mass spectrometry (GC-MS)

In the identification of the phytochemical constituents of
MESSM, GC-MS was used according to a previously described
method.?® The model of the instrument used was an Agilent
Technologies 7890 GC system with a 5975 MC detector. The
mobile phase was a carrier gas, helium (99.99% purity), and the
column was an HP5 MS 30 m in length, 0.320 mm in internal
diameter, and 0.25 pm in thickness. To identify the compounds,
the retention time and fragmentation pattern were compared to
the NIST library database.

Statistical analysis

The antioxidant and cytotoxicity assays were performed in
duplicate and repeated in three independent experiments. The
IC,, or CC,, values were expressed as mean # standard error
of mean. The mean IC_, or CC,, of the MESSM was compared
to that of the standard drug using the Mann-Whitney U test and
difference was significant at p<0.05.

RESULTS

The percentage yield, following the extraction of MESSM in
70% methanol, was 2.72%. The TPC and TFC of MESSM were
239.50+£7.9 mg GAE/g sample and 105.3+3.6 mg RE/g sample,

respectively. In addition, the IC,, of MESSM in the DPPH,
hydrogen peroxide, and NO scavenging assays was 58.64+1.49,
44.03£5.57, and 494.55£12.68 pg/mL, respectively (Table 1.
Ascorbic acid, the standard drug used in the 3 antioxidants
assays, gave an IC50 of 4.31£0.26, 10.63+0.31, and 48.74+1.46
ug/mL, respectively. Moreover, MESSM and cyclophosphamide
showed CC,, of 139.6+0.54 and 0.97+0.03 ug/mL, respectively,
on the RD cell line in the cytotoxicity assay. The GC-MS
chromatogram of MESSM showed 21 distinct peaks (Figure
1) corresponding to 21 compounds (Table 2). The identified
compounds can be grouped into alkanes (42.86%), fatty acids
(28.57%), phenol amide (9.52%), phenolic lipids (9.52%),
saponin (4.76%), and terpenoids (4.76%). Peaks 3, 7, 12, 18, and
19 represent dodecanoic acid, the most abundant (22.48%),
followed by tetradecanoic acid (17.95%), n-hexadecanoic acid
(15.35%), capsaicin (12.11%), and dihydrocapsaicin (5.23%).
The m/z, fragmentation pattern, and structures of dodecanoic
acid, tetradecanoic acid, n-hexadecanoic acid, capsaicin, and
dihydrocapsaicin are presented in Figures 2-6.

DISCUSSION

The seed extract of S. mombin contains nontoxic antioxidant
components. Ascorbic acid, a standard drug, had better activity
than the MESSM, a crude extract. Purification of this extract
might yield more potent compounds. In the present study,
MESSM was 8-11 times less active in scavenging NO free
radicals than scavenging the DPPH and H,O, free radicals.
In water, plants, the human body, food, microorganisms, and
air, H,0, occurs in low quantities!? The decomposition of H,O,
yields hydroxyl radicals, which can damage DNA and cause
lipid peroxidation.?” Similar reports on the antioxidant activity
of other components of S. mombin have been published.202"%°
However, it appears this is the first report of the antioxidant
activity of the seed of S. mombin. The seed, a waste product, has
not been investigated. In the spirit of turning waste into wealth,
this study was performed. In order to rule out the toxicity of
MESSM, its cytotoxicity was evaluated. The MESSM was 143
times less toxic than cyclophosphamide, the standard drug
against RD cells. This implies MESSM is nontoxic to RD cells.

Table 1. In vitro antioxidant activity and toxicity assessment of

methanol extract of the seed of Spondia mombin (MESSM)

In vitro assays IC,, (ug/mL)

MESSM Standard

drugs

Antioxidant
DPPH radical scavenging 58.64+1.49* 4.31+0.26°
Hydrogen peroxide radical 44.03+5.57* 10.63+0.31°
scavenging
Nitric oxide radical scavenging 494.55+12.68*  48.74+1.41°
Cytotoxicity
Using rhabdomyosarcoma cell line  139.6+0.54™ 0.97+0.03°

a: Ascorbic acid, b: Cyclophosphamide, *Ascorbic acid compared with MESSM,
**Cyclophosphamide compared with MESSM, p<0.05, MESSM: Methanol extract of
Spondias mombin, DPPH: 2,2-diphenyl-1-picryl-hydrazyl
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Figure 1. A gas chromatogram showing a plot of intensity against retention
time (minutes)

In addition, MESSM showed high total flavonoid and phenolic
contents. Phenolic compounds are secondary metabolites that
contain hydroxyl groups that confer them with scavenging
ability. The MESSM had a higher phenolic content (>100) than
some fruits such as S. mombin, guava, strawberry, pineapple,
soursop, and passion fruit.2"¥

The following major compounds were identified in the seed
of S. mombin: dodecanoic acid (22.48%), tetradecanoic acid
(17.95%), n-hexadecanoic acid (15.35%), and phenol amides
capsaicin (12.11%) and dihydrocapsaicin (5.23%). Dodecanoic
acid, also known as lauric acid, showed in vitro antimicrobial
activity against Propionibacterium acnes and beneficial effects
in @ mouse ear model of Propionibacterium acnes-induced
inflammation.®? Lauric acid is one of the reagents for making
soaps and cosmetics.® Tetradecanoic acid (myristic acid),
another constituent of MESSM, is used as a dietary supplement
and a flavoring agent in the food industry. It is also used in
the cosmetic industry, for making toiletries, emulsifiers, facial
creams, and lotions, and in the pharmaceutical industry.3+3®
Furthermore, hexadecanoic acid (palmitic acid) possesses
antioxidant, anticancer, and anti-inflammatory activities.®°
Capsaicin and dihydrocapsaicin, other constituents of MESSM,
are phenol amides, majorly found in pepper. Capsaicin and
dihydrocapsaicin possess antioxidant activity.” Capsaicin
is also used for the treatment of pain. It can be administered
in topical ointments, nasal sprays, and dermal patches A
transdermal patch of capsaicin (Qutenza®) was approved by the
Food and Drug Administration for the management of pain due
to postherpetic neuralgia.®? Other minor compounds in the seed
of S. mombin with antioxidant activity that have been previously
reported include (92, 122)-9,12-octadecadienoic acid (linoleic
acid), 4-H-pyran-4-one, 2.3-dihydro-3.5-dihydroxy-6-methyl,
and hexadecanoic acid-methyl ester.%®

CONCLUSION

The seed extract of S. mombin lacked cytotoxicity potential.
It contains nontoxic antioxidant compounds that could be
explored in the pharmaceutical and cosmetics industries for the
development of antioxidant agents.

Table 2. Chemical components of methanol extract of Spondias
mombin using GC-MS

S/N  Compound Peak GC-MS-RT Percentage M/Z

no.  (min) abundance value
(%)
Saponin
1 4H-Pyran-4- 1 8.86 0.90 144
one,2,3-dihydro-3,5-
dihydroxy-6-methyl-
Alkanes
2 Pentadecane 2 13.55 1.05 212
3 Pentadecane, 4 15.52 115 254
2,6,11-trimethyl-
4 Heptadecane 5 16.24 136 240
5 Pentadecane, 6 16.33 2.63 268
2,6,10,14-tetramethyl
6 Octadecane 8 17.71 2.21 254
7 Hexadecane, 9 17.86 1.33 282
2,6,10,14-tetramethyl-
8 Nonadecane 10 19.26 1.41 268
9 Eicosane 13 20.88 1.92 282
10 Octadecane, 16 25.68 0.76 332
1-bromo-
Fatty acid
" Dodecanoic acid 3 14.83 22.48 200
12 Tetradecanoic acid 7 17.56 17.95 228
13 Hexadecanoic acid, 1 19.74 113 270
methyl ester
14 n-Hexadecanoic acid 12 20.72 15.35 256
15 9,12-Octadecadienoic 14 22.58 3.92 294
acid (Z,2)-methyl
ester
16 11-Octadecenoic acid, 15 22.66 0.76 335
methyl ester
Phenolic lipids
17 (2)-3-(pentadec-8- 17 2816 195 302
en-1-yl) phenol
18 3-(42,712)- 20 30.03 2.32 328
Heptadeca-4,7-dien-
1-yD) phenol
Phenol amide
19 Capsaicin 18 2915 121 305
20 Dihydrocapsaicin 19 29.36 5.23 307
Monoterpenoids
21 Pyridine, 2-ethoxy- 21 3012 2.09 123

GC-MS: Gas chromatography-mass spectrometry, RT: Retention time
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Figure 2. Profile of mass spectra and chemical structure of dodecanoic
acid present in seed of Spondias mombin
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Figure 3. Mass spectra of tetradecanoic acid, a plot of relative abundance
against mass to charge ratio
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against mass to charge ratio
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Figure 5. Mass spectra of capsaicin, a plot of relative abundance against
mass to charge ratio
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ABSTRACT |

Cardiopulmonary diseases are very common among the population. They are high-cost diseases and there are still no definitive treatments. The
roles of members of the calcitonin-gene related-peptide (CGRP) family in treating cardiopulmonary diseases have been studied for many years and
promising results obtained. Especially in recent years, two important members of the family, adrenomedullin and adrenomedullin2/intermedin, have
been considered new treatment targets in cardiopulmonary diseases. In this review, the roles of CGRP family members in cardiopulmonary diseases
are investigated based on the studies performed to date.

Key words: CGRP family, cardiopulmonary diseases, adrenomedullin, adrenomedullin2/intermedin, pulmonary hypertension

(OZ |

Kardiyopulmoner hastaliklar toplumda sik gériilen, tedavi maliyeti oldukga ytksek ve halen kesin bir tedavisi bulunmayan hastaliklardir. Kalsitonin-
geni ile iliskili peptit (CGRP) ailesinin Uyelerinin bir gok kardiyopulmoner hastaliktaki rolleri uzun yillardir ¢alisilmakta ve umut vadeden sonuglar
elde edilmektedir. Ozellikle son yillarda CGRP ailesine ait peptitlerden adrenomedullin ve intermedin kardiyopulmoner hastaliklarda yeni tedavi
hedefleri olarak degerlendirilmektedir. Bu derleme ile CGRP ailesi peptitlerinin kardiyopulmoner hastaliklardaki rolleri gtinimuze kadar yapilan
galismalar dogrultusunda incelenmistir.

Anahtar kelimeler: CGRP ailesi, kardiyopulmoner hastaliklar, adrenomedullin, adrenomedullin2/intermedin, pulmoner hipertansiyon

INTRODUCTION a calcium-dependent mechanism and released from thyroid

The calcitonin gene-related peptide (CGRP) family consists C-cells/®" Another peptide, AMY, was isolated from amyloid
of calcitonin, amylin (AMY), CGRP, adrenomedullin (ADM), Plaques in fB-cells found in pancreatic islets of Langerhans.?
calcitonin receptor (CTR) stimulating peptides 1-3, and the latest | he rest of the family, CGRP, ADM, and ADM2/IMD, have more
member of the family, ADM2/intermedin (IMD))2 These peptides &/ ect on the cardiovascular and pulmonary system. CGRP is
are included in the same family because of their similar chemical expressed in both ‘central and peripheral nerves assoqated with
structures and they have important roles in the homeostasis of blood vessels. Perivascular nerves were suggestgd as important
the body.*>* The effects of these peptides on the cardiovascular sources of plasma CGRP. Although CGRP is mainly expressed

) in nerves, it is also located in endothelial cells, adipocytes,
and pulmonary systems, especially ADM and ADMZ2/IMD, keratinocytes, and immune cells®
sparked interest as many studies were presented for the new
targets of cardiovascular diseases.” In this review, we aim to
summarize the cardiopulmonary effects of the CGRP family.

ADM was isolated for the first time from human
pheochromocytoma cells; however, in following years it has
been shown to be expressed in many tissues in the body It
is found in the adrenal medulla, kidneys, lungs, ventricles, and
DISTRIBUTION OF MEMBERS OF THE CGRP especially endothelial cells in high amounts 51

FAMILY The distribution of ADM2/IMD is largely similar to that of ADM.
Peptides of the CGRP family are widely expressed in the body. The expression of ADM2/IMD was demonstrated in the brain,
The first peptide of this family, calcitonin, was synthesized by liver, intestines, heart, kidneys, plasma, hypothalamus, and

*Correspondence: E-mail: bulent.gumusel@lokmanhekim.edu.tr, Phone: +90 532 435 21 90 ORCID-ID: orcid.org 0000-0002-7533-7949
Received: 12.06.2019 , Accepted: 27.06.2019
©Turk J Pharm Sci, Published by Galenos Publishing House.
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like ADM widely in endothelial cells.!™?? In addition to being
expressed widely in physiological conditions, their levels
change under pathological conditions.®2326

RECEPTORS OF THE CGRP FAMILY

The peptides of the CGRP family interact with CTRs or calcitonin
receptor-like receptors (CLRs). CTRs were first identified in
pigs in 1991 and two different variants were found in humans,
named hCTR and hCT,R. These receptors are located on the
cell surface. hCTR is widely distributed in the body, while
hCT,R was found in the placenta, ovaries, lungs, and bone
marrow.?” CLRs were first demonstrated in rats in 1993 and 2
years later were shown in different tissues of humans.?®?° CLRs
were found in the central nervous system, kidneys and spleen,
endothelial cells, vascular smooth muscle cells, and the heart.
CTRs and CLRs are G protein-dependent receptors and contain
7 transmembrane regions.®®® The receptors must also interact
with the related receptor-activating modified protein (RAMP),
depending on the type of peptide. These proteins facilitate
the transfer of receptors from the plasma membrane and
translocations of them into the cells.®2% RAMPs are composed
of 148 to 189 amino acids and although they exhibit a homology
less than 30%, they are structurally similar to each other. These
proteins are named RAMP1, RAMP2, and RAMP3.® AMY shows
high affinity when CTRs are activated by RAMPs.®3% RAMPs
that bind to CTRs allow the receptor to show affinity to AMY
instead of calcitonin. When the CTRs are connected with
RAMP1, RAMP2, and RAMP3 they are called AMY1, AMY2, and
AMY3, respectively. CGRP and ADM are activated by binding to
CLRs. CLRs must interact with RAMP1 in order to function as
CGRP receptors. CLRs must be bound to RAMP2 and -3 to act
as ADM receptors (AM1 and AM2, respectively) (Table 1.

RAMP1 is commonly found in the uterus, bladder, brain,
pancreas, and gastrointestinal tract.>*% It has been also shown
in the veins, perivascular nerves, arteries, and endothelial cells
of arterioles and smooth muscle cells and cardiomyocytes.®®
RAMP2 is found in the lungs, spleen, immune system, and
kidneys, and widely distributed in the cardiovascular system,
especially in vascular endothelium and smooth muscle cells.*
RAMP3 is found in high levels in the kidneys, lungs, and spleen,
similar to RAMP2.35%

Table 1. The receptors and receptor components that interact with
the CGRP family

Receptor Receptor Agonist
component
CGRP CLR/RAMP1 CGRP, ADM2/IMD
AM1 CLR/RAMP2  ADM, ADM2/IMD
AM2 CLR/RAMP3  ADM, CGRP, ADM2/IMD
Calcitonin CTR CT, CRSP
AMY1 CTR/RAMP1 AMY, CGRP
AMY3 CTR/RAMP3  AMY

CGRP: Calcitonin-gene related-peptide, AMY: Amylin, CLR: Calcitonin receptor-
like receptor, RAMP: Related receptor-activating modified protein, CTR: Calcitonin
receptor, ADM: Adrenomedullin, IMD: intermedin

Other than RAMPs, CLRs need another adapter protein
to show optimum activity. This protein is called receptor
component protein (RCP) and provides more effective binding
with stimulator G protein and thus increases the activity of
peptides®?4® (Figure 1).

CARDIOPULMONARY EFFECTS OF THE CGRP
FAMILY

Peptides of the CGRP family show widespread biological activity
in the body, and in the cardiopulmonary system especially
CGRP, ADM, and ADM2/IMD have remarkable effects.

Amylin

AMY acts on the cardiovascular system via CGRP receptors.*
However, AMY has to reach a high plasma concentration to
show activity. Intravenous (i.v.) AMY application provided
potent vasodilatation and decreased arterial blood pressure in
rats.*> However, human studies showed no significant effect
after AMY application.®® In studies on rat cardiomyocytes and
isolated heart, AMY showed a direct inotropic effect that was
mediated by CGRP receptors. However, because of the side
effects on the heart of high doses of AMY, it was stated that it
could not be applied clinically.#4

Calcitonin gene-related peptide

CGRP is one of the most potent and effective vasodilators
and it has a longer duration of action.*" Its relaxing effects
on coronary, cerebral, pulmonary, and renal arteries were
shown in both in vitro and in vivo experiments. CGRP has
also regulatory effects on the vascular system; it was shown
to reduce the vascular resistance and to increase the blood
supply to organs in both normotensive and hypertensive
animals.®®® In hypertensive rats, systemically administrated
CGRP decreased blood pressure and had positive inotropic and
chronotropic effects. After ischemic injury CGRP released in
rats and also CGRP infusion reduced ischemia-reperfusion-
induced arrhythmias. In addition, many studies have shown
that CGRP is also protective against ischemic damage. These

CLR

@@Tﬁ@

Figure 1. CLRs are G protein-dependent receptors and contain 7
transmembrane domains. CLRs require RAMPs and RCP for activation. The
activated CLRs stimulate the G protein complex and provide activity

RCP: Receptor component protein, CLRs: Calcitonin receptor-like receptors,
RAMPs: Related receptor-activating modified proteins, cAMP: Cyclic adenosine
monophosphate, cGMP: Cyclic guanosine monophosphate
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effects of CGRP are generally thought to be the result of its
vasodilatory effect.®*% Furthermore, CGRP also suppressed
the release of potent vasoconstrictor agents such as endothelin
and angiotensin.%

CGRP provided important relaxation in the pulmonary vascular
system and was found in high amounts in lung tissue.>* In
pulmonary hypertension (PH), plasma CGRP levels were
decreased and CGRP infusion has been shown to be effective
in treatment.®?*% Adenovirus-mediated CGRP transfection
before chronic hypoxia exposure in mice lungs provided
cyclic adenosine monophosphate (cAMP)-mediated protection
against pulmonary vascular resistance and decreased vascular
remodeling.®® CGRP has been shown to provide protection
against hypoxia-induced remodeling in human tissue studies®®
and it was shown that in rat hypoxic lung the expression levels
of the CGRP receptor adapter protein RAMP1 were increased.?

CGRP shows all these effects through CGRP receptor and the
effects of CGRP on the cardiovascular system are inhibited in
the presence of selective CGRP antagonist CGRP,  “¢%%® |t is
suggested that both endothelium-dependent and endothelium-
independent mechanisms have roles in CGRP-mediated
vasodilatation.>*¢° In many tissues, such as cat cerebral artery,
rat mesenteric artery, and pig coronary artery, the increase
in cAMP was measured after CGRP administration and in the
endothelium-damaged vessels vasodilation was also observed.
However, even high doses of CGRP did not stimulate the
cyclic guanosine monophosphate (cGMP) levels directly.>°
Therefore, it may indicate that CGRP directly activates
cAMP-dependent vasodilation.®®® In the studies that were
performed in the pig coronary artery and guinea pig ureter,
CGRP-mediated vasodilation was inhibited by the K, channel
inhibitor glibenclamide. Therefore, it was stated that the
increase in cAMP activates protein kinase A and subsequently
K> channels. " Basal and nitric oxide (NO)-stimulated
CGRP release were increased in the human right atrium in
patients that underwent cardiopulmonary bypass.®®% However,
there are also contradictory studies that indicated the role of
endothelium in CGRP-mediated vasodilation. CGRP provided
NO- and cGMP-dependent vasodilation in the rat aorta.”

On the other hand, in the perivascular nerves of the rat
mesentery artery, CGRP was found more sensitive to
endothelin-1 mediated constructions and this effect was not
associated with NO or cyclic nucleotides.™

Adrenomedullin

For many years, the effects of ADM on the cardiovascular system
have attracted attention. Potent, NO-mediated hypotension
was observed after the infusion of ADM both in animals and
in humans.”>™ After acute and chronic administration of ADM
in rats, total peripheral vascular resistance and blood pressure
were decreased significantly. The heart rate and cardiac
output were increased simultaneously. Similar effects were
also observed in hypertensive rats.>® ADM is an important
vasorelaxant agent, especially in the mesentery, renal,
pulmonary, and cerebral arteries and aorta, but the mechanism
of this effect varies according to species and the vascular bed.”"°

The vasorelaxing effects act through CGRP and ADM receptors.
In the rat mesenteric artery and dog renal arteries, the relaxing
effect of ADM was inhibited in the presence of CGRP receptor
antagonist, whereas in some studies that were performed in
the cerebral arteries of cat and rat hind limb, inhibition of CGRP
receptors did not alter the relaxation response.”®8'82 Similarly,
the role of endothelium and NO in the relaxation effect of ADM
also varies between different studies. Numerous studies have
shown that endothelium-mediated vasorelaxation occurred
in different vessels such as the rat renal, pulmonary, and
mesenteric arteries and vasorelaxation was inhibited in the
presence of NO synthase (NOS) inhibitors.”2#84 However, in
contrast to these studies, no changes were observed in the
presence of NOS inhibitor in studies that were performed
in isolated rat lung, cat hind limb arteries, and the cat penile
artery.®® Studies in human and dog coronary arteries and rat
cerebral arteries showed inhibited ADM response with high
potassium.’™®# Although there are contradictory results in the
literature, it has been shown in many studies that ADM provides
relaxation through the cAMP, NO, or K* channels in vascular
systems.”

According to its potent and long-lasting vasodilatory activity in
the peripheral microcirculation, ADM also could be effective in
PH.?" In hypoxia-induced PH, ADM reduced pulmonary arterial
pressure.”? Systemic i.v. administration of ADM reduced
pulmonary vascular resistance and increased arterial oxygen
levels with no effect on systemic blood pressure.® In the studies
performed in PH patients, the plasma level of ADM increased
along with the severity of the disease. In contrast to the increase
in the endogenous production of ADM, i.v. ADM administration
reduced pulmonary artery pressure and pulmonary vascular
resistance in PH patients.*** In another study performed with
a small number of PH patients, acute inhaled ADM was shown
to improve selectively the hemodynamic parameters in the
pulmonary system and increase exercise capacity.” Multicenter,
randomized, controlled clinical trials should be conducted to
evaluate the long-term safety and efficacy of ADM, to be able to
consider it as a future treatment target in PH.°

Adrenomedullin2/intermedin

ADM2/IMD has quite a similar structure and function to CGRP
and ADM. Therefore, it is also expected that ADM2/IMD can
be effective in the vascular system. In many studies, blood
pressure and vascular resistance were decreased and the heart
rate was increased with the application of ADM2/IMD.1"30978
After cardiac ischemia/reperfusion injury, the administration
of ADM2/IMD increased the coronary perfusion and contractile
strength of the left ventricle and reduced myocardial infarct
size, hypertrophy, and cardiac fibrosis.”*™" In normotensive and
hypertensive rats, i.v. infusion of ADM2/IMD increased cardiac
output by reducing total peripheral vascular resistance!®
ADM2/IMD has been shown to be a potent vasodilator in
many vessel beds such as pulmonary, renal, and abdominal
arteries 03106

CGRP, ,, and ADM receptor antagonist AM_, ., inhibited the
effects of ADM2/IMD on the cardiovascular system under both
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physiological and pathophysiological conditions. The CLR/
RAMP receptors are responsible for the actions of ADM2/
IMD in the cardiovascular system.2019% Although the effects
of ADM2/IMD on the cardiovascular system frequently act
through the CGRP receptors, in different vascular beds ADM2/
IMD can interact with the both CGRP and ADM receptors.>¥’
The ADMZ2/IMD-mediated response acts through CGRP
receptor in the hypotension of rat systemic pressure and the
vasodilation of rat coronary, carotid, supramesenteric, and
pulmonary arteries. However, the ADM2/IMD responses were
AM1 and AM2 receptor-mediated in pig coronary and rat renal
arteries.720103105107108  Severa| studies have shown that the
cardiovascular effects of ADM2/IMD are endothelium-mediated
and NO-dependent. In the pulmonary vascular system and aorta,
the relaxation responses were inhibited by the presence of NOS
inhibitor Nw-Nitro-L-arginine methyl ester hydrochloride and in
the damaged endothelium.”?931% The NO production increased
dose-dependently with ADM2/IMD administration in cerebral
endothelial cells and pulmonary smooth muscle cells."o"

The positive inotropic effects of ADM2/IMD and the role in cell
proliferation, apoptosis, and cell migration were related to the
increase in cAMP production."™>"“ The mRNA and protein levels
of ADM2/IMD increased in the right ventricles, lung tissues, and
plasma of hypoxia-induced pulmonary hypertensive rats."™"
The symptoms of PH were alleviated by ADM2/IMD treatment in
rats, right ventricular hypertrophy was prevented, and hypoxic
pulmonary vascular remodeling was inhibited™ According
to studies that were performed in pulmonary hypertensive
rats, ADM2/IMD is thought to be effective in PH.® In chronic
hypoxia-induced PH ADM2/IMD provided potent vasodilation in
the pulmonary arteries of rats and intraarterial administration
reduced the perfusion pressure of hypoxic lungs. This reduction
indicates the possible application of ADM2/IMD administration
in humans with PH.1120

CONCLUSION

Peptides of the CGRP family exhibit cardiopulmonary effects
and have been investigated for many years. Especially CGRP and
ADM were proposed as new vasodilator agents in the treatment
of many cardiovascular disease, such as hypertension and PH.
ADM2/IMD is also a potent vasodilator in the cardiopulmonary
system and in recent years it has been shown as a new drug
candidate for cardiometabolic disease. However, further
investigations should be performed for understanding these
possible effects of ADM2/IMD before clinical investigations.
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