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AIMS AND SCOPE

The Turkish Journal of Pharmaceutical Sciences is the only scientific periodical
publication of the Turkish Pharmacists’ Association and has been published
since April 2004.

Turkish Journal of Pharmaceutical Sciences journal is regularly published 6
times in a year (February, April, June, August, October, December). The issuing
body of the journal is Galenos Yayinevi/Publishing House level. The aim of
Turkish Journal of Pharmaceutical Sciences is to publish original research
papers of the highest scientific and clinical value at an international level.

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

The editorial policies are based on the "Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of Medical Journal Editors
(20, archived at http://www.icmje.org/) rules.

Editorial Independence

Turkish Journal of Pharmaceutical Sciences is an independent journal with
independent editors and principles and has no commerical relationship with the
commercial product, drug or pharmaceutical company regarding decisions and
review processes upon articles.

ABSTRACTED/INDEXED IN

PubMed

PubMed Central

Web of Science-Emerging Sources Citation Index (ESCI)
SCOPUS SJR

TUBITAK/ULAKBIM TR Dizin

ProQuest

Chemical Abstracts Service (CAS)

EBSCO

EMBASE

GALE

Analytical Abstracts

International Pharmaceutical Abstracts (IPA)
Medicinal & Aromatic Plants Abstracts (MAPA)
British Library

CSIR INDIA

GOALI

Hinari

OARE

ARDI

AGORA

Turkiye Atif Dizini

Turk Medline

UDL-EDGE

J- Gate

Idealonline

CABI

Publisher Contact

Address: Molla Giirani Mah. Kacamak Sk. No: 21/1
34093 istanbul, Tiirkiye

Phone: +90 (530) 177 30 97

E-mail: info@galenos.com.tr/yayin@galenos.com.tr

&) galenos

OPEN ACCESS POLICY

This journal provides immediate open access to its content on the principle that
making research freely available to the public supports a greater global exchange
of knowledge.

Open Access Policy is based on the rules of the Budapest Open Access Initiative
(BOAI) http://www.budapestopenaccessinitiative.org/. By “open access” to peer-
reviewed research literature, we mean its free availability on the public internet,
permitting any users to read, download, copy, distribute, print, search, or link
to the full texts of these articles, crawl them for indexing, pass them as data to
software, or use them for any other lawful purpose, without financial, legal, or
technical barriers other than those inseparable from gaining access to the internet
itself. The only constraint on reproduction and distribution, and the only role for
copyright in this domain, should be to give authors control over the integrity of
their work and the right to be properly acknowledged and cited.
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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)

« 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 (20, 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).
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INSTRUCTIONS TO AUTHORS

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.

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 areference 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 Tlrkiye or by
Turkish investigators, these studies should be given priority while citing
the literature.

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

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

Reference Format

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

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

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

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

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

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

TABLES, GRAPHICS, FIGURES, AND IMAGES

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

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

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

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

MANUSCRIPT TYPES
Original Articles

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

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

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

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

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

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

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

Abstract: A summary of the manuscript should be written in both
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Medication Reconciliation Service in Hospitalized
Patients with Infectious Diseases During
Coronavirus Disease-2019 Pandemic:

An Observational Study

® Ciineyd ENVER!, ® Buket ERTURK SENGEL2, ® Mesut SANCAR!, ® Volkan KORTENZ2, ® Betul OKUYAN'*

IMarmara University, Faculty of Pharmacy, Department of Clinical Pharmacy, Istanbul, Turkiye
2Marmara University, Faculty of Medicine, Department of Infectious Diseases and Clinical Microbiology, Istanbul, Ttrkiye

ABSTRAC T |

Objectives: To determine the prevalence and type of medication discrepancies and factors associated with unintentional discrepancies and identify
the rate of hospital readmission and emergency service visit within 30 days after discharge among hospitalized patients with infectious diseases
and receiving clinical pharmacist-led medication reconciliation during the coronavirus disease-2019 (COVID-19) pandemic.

Materials and Methods: This observational study was conducted in the internal medicine and infectious diseases wards of a tertiary university
hospital between July 2020 and February 2021 among hospitalized adult patients with infectious diseases. Medication reconciliation service
(including patient counseling) was provided in person or by telephone. The number and type of medication discrepancies detected during
the medication reconciliation services, the acceptance rate of pharmacists’ recommendation, and factors associated with having at least one
unintentional medication discrepancy at admission were evaluated. At follow-up, hospital readmission and emergency service visit within 30 days
after discharge were assessed by telephone.

Results: Among 146 patients, 84 (57.5%) had at least one unintentional discrepancy at admission. Only three unintentional discrepancies were
determined in three patients at hospital discharge. All the pharmacists’ recommendations for medication discrepancies were accepted by the
physicians. Having COVID-19 [odds ratio (OR): 2.25, 95% confidence interval (CD: 1.15-4.40; p<0.05], being at a high risk for medication error (OR:
2.01, 95% Cl: 1.03-3.92; p<0.05), and higher number of medications used at home (OR: 1.41, 95% CI: 1.23-1.61; p<0.001) were associated with having
at least one unintentional discrepancy at admission. The rates of 30 day hospital readmission and admission to the emergency medical service
were 12.3% and 15.8%, respectively.

Conclusion: Medication reconciliation service provided by in-person or by telephone was useful for detecting and solving unintentional medication
discrepancies during the COVID-19 pandemic.

Key words: Medication reconciliation, clinical pharmacist, infectious disease medicine, COVID-19, unintentional discrepancy

INTRODUCTION record or medication orders” to avoid medication errors such
Medication reconciliation is “a formal process for creating the as duplications and omissions." The medication reconciliation
most complete and accurate list possible of a patient's current could reduce medication errors and related harms. Providing,
medications and comparing the list to those in the patient recording, and passing along the current and correct medication

list of the patient is essential for patient safety, especially
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during the transition of care (including hospital admission and/
or discharge).?

The medication reconciliation can be provided by various
healthcare professionals. However, studies have shown that
services such as medication reconciliation and discharge
patient consultation led by pharmacists increase patients’
knowledge of medication and reduce adverse drug events and
medication errors in the transition of care.3* Pharmacists who
have diverse knowledge and skills can establish and maintain
an effective medication reconciliation process in hospitals and
healthcare systems.® The medication reconciliation led by an
inpatient pharmacist is an effective method for maintaining
the patient’s post-discharge care.® A review published in the
Cochrane Library concluded that the impact of pharmacist-
involved medication reconciliation services was unclear on
medication discrepancies, adverse drug effects, and health
values.” Medication discrepancy is defined as the differences
between medication regimens given in different care settings
and often results from lack of documentation and time to create
a complete and accurate list of the patients’ medication history.
Therefore, medication reconciliation is an essential component
in ensuring safe patient care by preventing medication
discrepancy in any setting."”

Clinical pharmacists provide medication reconciliation services
in patients with various infectious diseases.®? In the infectious
disease ward, medication reconciliation reduces the number
of undocumented unintentional discrepancies® and hospital
readmission within a month after discharge."

During the coronavirus disease-2019 (COVID-19) pandemic,
clinical pharmacists continued to provide services (including
medication reconciliation) with different working models.2™
Medication reconciliation service is not provided routinely at
hospitals in Tdrkiye. There are few studies in Turkiye about
medication reconciliation services provided in hospitalized
older patients at admission™ and in patients admitted to
oncology and internal medicine services.®

The aim of the study was to determine the prevalence and
type of medication discrepancies and factors associated with
unintentional discrepancies and identify the rate of hospital
readmission and emergency service visit within 30 days after
discharge among hospitalized patients with infectious diseases
and receiving clinical pharmacist-led medication reconciliation
during the COVID-19 pandemic. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement
was followed to report this observational study.®

MATERIALS AND METHODS

Study design and setting

This observational study was conducted in the internal medicine
and infectious diseases wards of a tertiary university hospital
between July 2020 and February 2021 among hospitalized adult
patients with any infectious diseases (including COVID-19).

Study population and recruitment
All hospitalized adult patients with infectious diseases who
chronically used at least one medication before hospital

admission were eligible for this study. All eligible patients
were included in the current study without using any specific
sampling method. Medication reconciliation services (including
gathering the best possible medication history) were provided
by clinical pharmacy resident within 48 h after hospital
admission in person or by telephone. The patients were
excluded from the study, if they were transferred to an intensive
care unit or another hospital, stayed in the hospital for less than
24 hours, died, refused the therapy, were unwilling to continue
after participating or did not receive medication reconciliation
service provided by the clinical pharmacy resident within 48 h
after hospital admission.

Medication reconciliation

Neither hospital pharmacists nor clinical pharmacy residents
have been involved in medication history taking and medication
reconciliation services at this hospital. There was no discharge
patient counseling service provided routinely by pharmacists.
During this study, medication reconciliation service [both at
admission and discharge (including patient counseling service)]
was provided in person or by telephone. These services were
provided by the clinical pharmacy resident who had theoretical
and clinical courses during his education and training for
clinical pharmacy services.

Medication reconciliation service flow charts were adapted
from previous projects.™® The best possible medication history
lincluding prescribed medications, over-the-counter (OTC)
drugs, herbals, and dietary supplements] was taken within
48 h after hospital admission in person and by telephone. At
least two resources (such as self-reports of patients and/or
caregivers, medication records, and home medicine list) were
used for obtaining the best possible medication history.”®

During medication reconciliation service at hospital admission,
a current and accurate medication list was provided by
comparing the physicians’ orders at admission with their best
possible medication history for home medicines. At hospital
discharge, medications used in the last 24 h before hospital
discharge, the discharge prescription, and the best possible
medication history for home medicines were assessed by
a clinical pharmacy resident. The medication discrepancies
were discussed with the physicians at hospital admission and
discharge to provide a current and accurate medication list.
At hospital discharge, according to the current and accurate
medication list, pill cards (including pictograms),” and
brochures (including low-molecular-weight heparin prescribed
for patients with COVID-19) were provided to the patients by the
clinical pharmacy resident. Patient counseling was provided by
using the teach-back method.?

Data collection and variables

Data including age, sex, education level, having COVID-19,
duration of hospital stay, the number of medications used
at home, and Charlson comorbidity index? were collected at
baseline. For evaluating the risk of medication error, statistical
consolidation of redundant expression measures (SCOREM)
index was calculated?. If the total score of SCOREM index
was three or greater, the patients were considered as high
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risk of medication error. All patients’ medications (including
prescribed and OTC medications) were recorded. The risk
of mortality and unplanned hospital readmission at hospital
discharge was calculated using length of stay, acuity of the
admission, comorbidity of the patient (LACE) index.® If the
score of LACE index was 10 points or higher (out of 19), the
patients were considered as having a high risk for mortality and
unplanned hospital readmission.

Primary outcomes were prevalence, type of medication
discrepancies, and factors associated with unintentional
medication discrepancies. The number of discrepancies
detected during the medication reconciliation service was
evaluated and classified according to medication discrepancy
taxonomy (MedTax).?* Resources for obtaining the best possible
medication history were recorded. At follow-up, the history of
readmission to the hospital or emergency service within 30
days after discharge was assessed by telephone calls.

Ethics approval

The study protocol was approved by Marmara University
Clinical Trials Ethical Committee (date: June 12, 2020, and
number: 09.2020.508). The required permission to conduct
this study was obtained from Ministry of Health, The Republic
of Turkiye. Informed consent was obtained from patients and/
or caregivers.

Sample size calculation

As in the study by Cornish et al.?®, all eligible patients were
consecutively included in this study. In a previous study, the rate
of patients with at least one unintended medication discrepancy
was 47% in internal medicine wards.? It was assumed that the
rate would be 60% in the study population during the COVID-19
pandemic. The sample size was calculated as 96 with alpha at

0.05 and power of 0.80 to detect the prevalence of unintentional
discrepancies.?”

Statistical analysis

Descriptive statistics were presented as number (n) with
percentage and median (interquartile range). P<0.05 was
considered statistically significant. According to the findings
of the Kolmogorov-Smirnov test, non-parametric statistics
were conducted in this study. Fischer's Exact test was used
to compare two groups (w/wo COVID-19 and with high or low
risks according to LACE index). Univariate logistic regression
analysis was performed to determine factors associated with
unintentional discrepancies. The odds ratio (OR) [confidence
interval (CD) 95%] was presented. Statistical analysis was done
using IBM SPSS (Statistical Package for Social Sciences) 11.0
statistics.

RESULTS

A total of 146 patients, who received medication reconciliation
service during hospital admission, were included in the study.
Among them, 90 patients (61.6%) received clinical pharmacy
resident-led medication reconciliation both at admission and
discharge. The flow diagram of the study is displayed in Figure
1. The characteristics of the patients are presented in Table 1.

The most common sources for providing the best possible drug
history on admission were the patient’s medical record (93.8%),
the patient’'s medication boxes (76.0%), and the patient’s self-
report (66.4%).

At hospital admission, the median of total discrepancies was
7.0 (5.0-10.0), the median of intentional discrepancies was 6.0
(4.0-9.0), and the median of unintentional discrepancies was 1.0
(0.0-2.0). Among them, 99.3% (n: 145) had at least one intentional

Assessment for eligibility

(n=987)

HOSPITAL
ADMISSION

HOSPITAL
DISCHARGE

Patients received clinical pharmacist-led service
at admission(n=154)

| RIS |
|

Excluded (n=800)
Not meeting inclusion criteria (n=706)
Communication failed with patients (n=83)
Declined to participate the study (n=11)

Patients received clinical pharmacist-led service
at admission (n=187)

Lost of follow-up (n=33)
Transferred to intensive care unit (n=23)
Transferred to another hospital (n=3)
Discharged within 24 hours (n=2)
Unwilling to continue the study (n=1)
Deceased (n=2)

Refused to receive therapy (n=2)

Lost to follow-up (n=8)

Total number of patients for analysis (n=146)

FOLLOW-UP

Figure 1. STROBE flow diagram of the study

STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
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discrepancy and 57.5% (n: 84) had at least one unintentional
discrepancy at the hospital admission. At hospital discharge
(n: 90), the median of total discrepancies was 3.0 (2.0-5.0) and
the median of intentional discrepancies was 3.0 (2.0-4.25).
Among them (n: 90), 94.4% (n: 85) had at least one intentional
discrepancy and only three unintentional discrepancies were
determined in three patients at hospital discharge. The most
common unintentional discrepancy was drug omission (n: 142;
74.7%) at admission. All the pharmacists’ recommendations for
medication discrepancies were accepted by the physicians. The
frequency and type of medication discrepancies according to
MedTax are presented in Table 2.

Having COVID-19 (OR: 2.25, 95% Cl: 115-4.40; p<0.05), being
at a high risk for medication error according to SCOREM index
(OR: 2.01, 95% CI: 1.03-3.92; p<0.05), and a higher number
of medications used at home (OR: 141, 95% CI: 1.23-1.61;
p<0.001) were associated with having at least one unintentional
discrepancy. Factors associated with having at least one
unintentional discrepancy are presented in Table 3.

Out of 146 patients who received medication reconciliation at
admission, 78.8% had a high risk of mortality and unplanned
hospital readmission (Table 1). Among these patients (n: 146),

the rates of 30 day hospital readmission and emergency
medical service visits were 12.3% and 15.8%, respectively. In 90
patients who received medication reconciliation both at hospital
admission and discharge, 80.0% had a high risk of mortality and
unplanned hospital readmission (Table 1). Among these patients
(n: 90), the rates were 10.0% for 30 day hospital readmission
and 14.4% for emergency medical service visit. According to
LACE index, patients with high risk had a significantly higher
rate of emergency medical service visits within 30 days, when
compared with patients with low risk (p<0.05). Patients with
infectious diseases other than COVID-19 had a significantly
higher rate of hospital readmission within 30 days than patients
with COVID-19 (p<0.05). Secondary outcomes during follow-up
in patients who received medication reconciliation service are
presented in Table 4.

DISCUSSION

To the best of our knowledge, this is the first study to determine
the prevalence and type of medication discrepancies and
factors associated with unintentional discrepancies and identify
the rate of hospital readmission and emergency service visit
within 30 days after discharge among hospitalized patients

Table 1. Characteristics of patients

Total CP-led services received both at
(n: 146) admission and discharge (n: 90)
n (%) n (%)
Age median [IQR] 62.0 [54.0-72.0] 62.0 [54.0-72.0]
Sex
Male 66 (45.2) 38(42.2)
Female 80 (54.8) 52 (57.8)
Education level*
8y 1M (76.0) 65 (72.2)
28y 35(24.0) 25 (27.8)
Had COVID-19
Yes 76 (52.0) 53 (58.9)
No 70 (48.0) 37 (410
The length of stay (day) median [IQR] 10.0 [6.0-15.0] 10.5 [6.75-15.0]
Charlson comorbidity index median [IQR] 3.0[2.0-4.25] 3.0[2.0-4.0]
The number of medications used at home median [IQR] 5.0 [3.0-8.0] 5.0 [2.0-7.0]
Patient group according to SCOREM index n (%)
High risk 71 (48.6) 42 (46.7)
Low risk 75 (51.4) 48 (53.3)
Patient group according to LACE index at discharge n (%)
Low risk 31(21.2) 18 (20.0)
High risk 115 (78.8) 72 (80.0)

*The group was determined according to compulsory education year before 2012 in Tirkiye, IQR: Interquartile range, CP: Clinical pharmacy resident, COVID-19:
Coronavirus disease-2019, LACE: Length of stay, acuity of the admission, comorbidity of the patient
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Table 2. The frequency and type of medication discrepancies according to medication discrepancy taxonomy

Medication reconciliation at Medication reconciliation at discharge
admission (n: 146) (n: 90)
Intentional Unintentional Intentional Unintentional
discrepancies discrepancies discrepancies discrepancies
n (%) n (%) n (%) n (%)
Medication mismatched 866 (90.4) 150 (78.9) 269 (87.1) 2 (66.7)
Drug commission or addition 616 (64.3) 6(3.2) 101 (32.7) -
Drug omission 218 (22.8) 142 (14.7) 140 (45.3) 1(33.3)
Therapeutic class substitution 32 (33 20D 28 (91 1(33.3)
Medication partly matched 92 (9.6) 40 (21.D) 40 (12.9) 1(33.3)
Discrepancy in the name of medication
Unclear or wrong name - 3(1.5) - 1(33.3)
Different brand name but the same generic name 14 (1.5) 1(0.5) 6(2.0) -

Discrepancy in the strength and/or frequency and/or number of units of dosage form and/or total daily dose

Unclear or wrong strength - 200 - -

Omission of strength - 14 (7.4) - -

Different strengths and different total daily doses 44 (4.6) 7@ 24 (7.8) -

Different strength but the same total daily dose 10D - 1(0.3) -

Same strength and the same number of units but

different frequency and different total daily dose 404 (AR 206 )

Same strength but different frequency and different

number of units and different total daily dose 404 30 208 )

Same strength but different frequency and different

number of units but the same total daily dose 10D i i )

Discrepancy in the dosage form/route of administration

Different dosage form but the same route of

administration 303 - 1(0.3) -

Different dosage forms and different routes of

- . 21(2.2) 1(0.5) 4(1.3) -
administration

Discrepancy in the time of drug administration

Different time of administration throughout the day - 230n - -
Total 958 190 309 3

Table 3. Factors associated with having at least one unintentional discrepancy at admission

Having at least one unintentional discrepancy at admission (n: 84)

OR Cl 95% p value
Had COVID-19
Yes 2.25 (115-4.40) 0.018
No Reference
Patient group according to SCOREM index n (%)
High risk 2.01 (1.031-3.92) 0.040
Low risk Reference
The number of medications used at home 1.41 (1.23-1.61) <0.001

OR: Odds ratio, Cl: Confidence interval, COVID-19: Coronavirus disease-2019
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Table 4. Secondary outcomes during follow-up in patients who received CP-led medication reconciliation service

CP-led services both at

Total p value admission and discharge p value
(n: 146)
(n: 90)

30 day hospital readmission n (%) n: 18 (12.3) n: 9 (10.0)
Patient group according to LACE index n (%)
Low risk 1(5.6) 131D

NS NS
High risk 17 (94.4) 8(88.9)
Had COVID-19
Yes 5(27.8) 2(22.2)

0.038* *
No 13(72.2) 7(77.8) 0.029
30 day emergency medical service visit n (%) n: 23 (15.8) n: 13 (14.4)
Patient group according to LACE index n (%)
Low risk 1(4.3) 0

0.029* -
High risk 22 (95.7) 13 (100)
Had COVID-19
Yes 12 (52.2) 7 (59.7)

NS NS
No 11 (47.8) 6 (40.3)

*p<0.05, COVID-19: Coronavirus disease-2019, NS: Not significant; CP: Clinical pharmacy resident, LACE: Length of stay, acuity of the

admission, comorbidity of the patient

with infectious diseases and receiving clinical pharmacist-led
medication reconciliation during the COVID-19 pandemic in
Turkiye. This service was found useful to detect unintentional
discrepancies and all recommendations of the clinical pharmacy
resident were accepted by the physicians. More than half of
hospitalized patients with infectious diseases had at least one
unintentional medication discrepancy at admission. However,
the number of patients with at least one unintentional medication
discrepancy at discharge was only 3 in patients receiving
medication reconciliation both at admission and discharge.
Patients with COVID-19 with a high risk for medication errors
and higher medications were more likely to have at least one
unintentional medication discrepancy at admission during the
COVID-19 pandemic.

In Croatia, it was found that 35% of the patients admitted
to internal medicine service had at least one unintentional
discrepancy.® In Italy, one-fourth of patients had at least one
unintentional discrepancy at hospital admission and discharge.”
Cornish et al?® determined that half of the patients used
four or more medications and had at least one unintentional
discrepancy during admission to the internal medicine ward.
In China, more than one-fifth of patients had at least one
unintentional discrepancy.®® In the present study, an increased
rate of having at least one unintentional discrepancy is likely
due to the study population including patients with COVID-19. In
line with the finding of the present study, previous studies?30*
exhibited a high number of medications as a factor related to
unintentional discrepancy at admission. Like the present study,
the most common reason for the unintentional discrepancy was
the omission of medication in these studies.?>?¢3

In this study, the number of unintentional discrepancies was
more than half at the hospital admission. On the other hand, only
three unintentional discrepancies were detected by the clinical
pharmacy resident. Cadman et al.*> demonstrated a reduction
in the number of unintentional discrepancies at discharge after
providing medication reconciliation at admission.

Study limitations

This study had some limitations, which was conducted in a single
center, which limited the generalizability of the findings. Actual
or potential harms, including medication errors related to these
discrepancies, could not be evaluated with this study protocol.
The average time spent providing medication reconciliation was
not recorded and assessed because of non-feasibility during
the COVID-19 pandemic. Although it was suggested to provide
medication reconciliation service within 24 h” medication
reconciliation was provided within 48 h during the COVID-19
pandemic. This could impact the effectiveness of this service.

Further studies will evaluate the impact of medication
reconciliation services in hospitalized patients with infectious
diseases. Implementing this service (in person or by telephone)
could decrease the number of unintentional discrepancies
in hospitalized patients with COVID-19 and/or high risk of
medication errors. This study was conducted during the
COVID-19 pandemic by one clinical pharmacy resident. This
impact on the rate of patients receiving clinical pharmacy
resident-led medication reconciliation both at admission and
discharge medication reconciliation at discharge.
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CONCLUSION

Medication reconciliation service provided in person or by
telephone was useful for detecting and solving unintentional
medication discrepancies during the COVID-19 pandemic.
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ABSTRACT

Objectives: The current study goal was to create a precise, sensitive, and validated reverse phase-high performance liquid chromatography
(RP-HPLC) method for assessing the direct-acting antiviral daclatasvir (DCV) as well as to evaluate the stability of DCV in both drug and tablet
formulations. The current investigation was to display stability indicating methods under different stress conditions, including hydrolysis (acidic,
basic, and neutral), oxidation, and photolysis.

Materials and Methods: All experiments were performed on HPLC Agilent 1100 with a stainless steel Hypersil C,; column having a particle size of 5
pm and a dimension of 4.6 x 250 mm. The mobile phase chosen was acetonitrile: 0.05% o-phosphoric acid (50:50 v/v) in isocratic mode with 0.7
mL/min flow rate and wavelength 315 nm was selected for detection.

Results: This method was validated for linearity and range, accuracy, precision, limit of detection, limit of quantification, and robustness in
accordance with International Council for Harmonisation (ICH) requirements. The results were satisfactory. It was observed that retention time (t,)
was 3.760 + 0.01 min. In acidic conditions, DCV degradans show t, at 3.863, 4121, and 4.783 min and tandem mass spectrometry (MS/MS) spectra
scans had m/z 3391, 561.2 fragment ions. In basic condition, DCV degradans show t_ at 5188, 5.469 min and MS/MS spectra scans having m/z
2941, 3391, 505.2, 527.2 fragment ions. In oxidation conditions, DCV degradans shows t, at 4.038 min and MS/MS spectra scans having m/z 301.1
and 3391 fragment ions were observed.

Conclusion: All the mass fragments exhibited additional degradation observed for different stress conditions. This will help to identify the structure
of the degradant and its pathways. No degradation was observed in neutral and photolytic conditions.

Key words: Daclatasvir, RP-HPLC, tablets, validation, stability-indicating method

INTRODUCTION HCV replication complex, is inhibited by DCV. It inhibits viral

Millions of people suffer from hepatitis C virus (HCV) infections.
Daclatasvir (DCV) permits once-daily oral treatment, has been
shown in in vitro experiments to have a very potent antiviral
activity against several HCV genotypes.'? Since, direct acting
antivirals (DAAs) for HCV have become available, any possible
medication interactions between antiretrovirals and DAAs must
be assessed before co-therapy.® Cirrhosis and hepatocellular
cancer have been linked to chronic HCV in various parts of the
world.* DCV is an effective, new, and non-selective structural
protein inhibitor, formerly known as BMS-790052.5 NS5A,
the multifunctional protein which is a crucial part of the

RNA replication and virion development. Data from computer
models and in vitro investigations point to an interaction
between DCV and the protein’s N-terminus in domain 1 that
may result in structural alterations that reduce NS5A activity.®®
Chemically, DCV is methyl ((15)-1-(((25)-2-[5-(4"-(2-((25)-
1-((2S)-2-((methoxycarbonyl)amino)-3-methylbutanoy)-2-
pyrrolidinyD-1H-imidazol-5-yD-4-biphenylyD-1H-imidazol-2-
yD-1-pyrrolidinyDcarbonyD-2-methylpropyl) carbamate (Figure 1).
The molecular formula of DCV is C, H, N,O, and the molecular
weight is 738.89 g/mol’ Nimje and Deodhar®" developed
stability indicating methods for DCV by high-performance
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Figure 1. Structure of DCV
DCV: Daclatasvir

thin-layer chromatography and liquid chromatography-tandem
mass spectrometry (LC-MS/MS). Some bioanalytical methods
such as ultra-performance liquid chromatography (UPLC)-MS/
MS for DCV in human plasma and high performance liquid
chromatography (HPLC) with ultraviolet (UV) detector were
reported by Rezk et al’? and Nannetti et al.”® respectively. By
using UHPLC-MS/MS and LC-MS, Ariaudo et al!* and Jiang et
al”® demonstrated the measurement of several direct antiviral
drugs in human blood plasma. All of these techniques are
effective for detecting DCV in human blood plasma; however,
they are not appropriate for routine assays to detect DCV in
medication andtablet dosage forms. Several HPLC methods have
been reported for determining DCV single and its combination
with other drugs under different conditions according to a
review of the literature’®?' As per regulatory guidelines, it is
essential to ascertain the ability of assay method to quantify the
drug component in presence of its degradation products. The
mentioned above reported HPLC methods have not ascertained
the ability of the assay method to quantify DCV in presence
of its degradation products. Hassib et al.?? demonstrated the
reverse phase (RP)-HPLC method for determining DCV and the
behavior of its degradation under diverse circumstances. This
study used acetonitrile and potassium dihydrogen phosphate
buffer as mobile phase, which is driven through column C,
at a rate of 2 mL/min.?22 The flow rate in the above reported
method is on higher side, which can adversely affect the
quality of the chromatography not giving the analyst sufficient
time to interact with the stationary phase. Moreover, ability
of the method to quantify DCV in presence of its degradation
product was not evaluated. The stability indicating HPLC-UV
was developed by Zaman and Hassan?® for characterizing
forced degradation products and quantifying DCV. In the above
method, the retention time (t)) of DCV is 16.4 min making it a
time consuming method for assay of formulations containing
DCV. The method can be preferred for quantitation of known
impurities in DCV formulations. The preferred t, in HPLC
assay method is 3 to 6 min. Baker et al.?* presented a stability-
indicating HPLC-diode array detector method utilising a Waters
C, column with isocratic elution of the mobile phase made up
of a 75:25 v/v combination of acetonitrile and phosphate buffer
with pH of 2.5.24 While a novel QDa mass detector for DCV was
developed by Jagadabi et al.?% to determine the mass of possible
contaminants, stability-indicating UPLC method was reported.
However, the above method is primarily used for estimation of
the process-related and known impurities in DCV. Considering
limitations of the reported methods such as high flow rate, high
t., and stability indicating property of assay method being not
evaluated, it was thought worthwhile to develop and validate

stability indicating RP-HPLC method for DCV formulations,
which is economical and less time consuming without
affecting the quality of the method as per parameters given in
International Council for Harmonisation (ICH) guidelines. In this
research work, economical solvents and a simple procedure
were used for the estimation of DCV by RP-HPLC. To evaluate
the stability of DCV in drugs and their drug derivatives, force
degradation research was conducted. This information helps
to determine the shelf life of DCV under various settings. The
quantitative examination of DCV following exposure to various
stability-indicating experiments is described in the current
piece of work. The approach was validated in accordance
with International Council for Harmonisation (ICH) standards,
demonstrating accuracy, precision, and reliability. Therefore,
this method can be applied to the routine study of DCV stability
under various conditions.

MATERIALS AND METHODS

Chemicals and reagents

Mylan Laboratories Ltd. (Hyderabad, India) kindly provided of
DCV pure drug sample to us. All HPLC grade solvents were
used throughout the analysis including water, methanol,
and acetonitrile (Fisher Scientific, India). Analytical grade
reagents such as hydrogen peroxide, hydrochloric acid, sodium
hydroxide, and o-phosphoric acid were used throughout the
analysis. DCV tablets “MyDeklaTM60" and “DACLACURE 60"
were purchased from a local market drug store. They were
manufactured by Mylan Laboratories Limited and Emcure
Pharmaceutical Industry, respectively. Each tablet contained
60 mg of DCV.

Instrumentation and chromatographic conditions

HPLC Agilent 1100 with variable detector (G1314A) and
(G13104) pump was used for all the studies. The solutions were
degassed using a DGU-20A3 prominence degasser. The data
was gathered and processed using ChemStation software. The
material employed was a stainless steel Hypersil C,; that was
4.6 x 250 mm in size, 5 pm particle size, filled with octadecyl
silane stationary phase and had ligands bound to silica surface,
and column temperature was set at 40 °C. For this research, a
humidity chamber from Newtronic and a Rolex ultrasonicator
were employed. An examination into photodegradation was
conducted using a UV lamp (6 w, Vilber Lourmat, France)
and photostability chamber. The light output was 200 Wh/
m? and its intensity was 1.2 million lux h. A weighing balance
(AX200, Shimadzu Corporation Japan) with minimum 0.1 mg
and maximum 200 g capacity was employed throughout the
analytical procedure. The isocratic mobile phase was used with
acetonitrile and 0.05% o-phosphoric acid (50:50 v/v). Before
being used in the study, the mobile phase was filtered through
a membrane filter of size 0.45 pm and using an ultrasonic
sonicator for degassing the solvents for 10 min. The flow rate of
the mobile phase was 0.7 mL/min and the injection had a 10 pL
volume. A variable wavelength detector was used to perform a
wavelength scan and a wavelength of 315 nm was chosen for
investigation.
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Preparation of standard stock and tablet solution

The standard stock solution was made by placing a quantity
of 10 mg of DCV standard in a 10 mL volumetric flask with
mobile phase, shaking well and adding mobile phase to achieve
a concentration of 1000 pg/mL. The stock solution was diluted,
mixed well, and used to test all DCV validation parameters
with required concentrations. After 15 min of sonication, the
mixture was filtered through a membrane filter paper of size
0.45 pm. Twenty DCV tablets (MyDekla™ 60 and DACLACURE
60) were weighed and the average weight was calculated. The
tablet was triturated in a dry spotless mortar to create a fine
powder. A quantity of tablet fine powder containing 10 mg of
DCV was accurately taken, dissolved in minimum mobile phase,
thoroughly mixed, and stirred for 5 min in 10 mL volumetric
flask. To create a volume of 1000 ug/mL concentrated solution,
up to 10 mL of mobile phase solvent was added. Sample
solutions from the above solution were adequately diluted for
future research examination. All the solutions were filtered
using the membrane filter paper with a pore size of 0.45 pm.

Validation of proposed method

Linearity and range

Different series of DCV solutions were made from standard
stock solutions and diluted with diluent for linearity test.
Concentration range of 10.00-50.00 pg/mL was identified
and five concentrations (10, 20, 30, 40, and 50 pg/mL) were
chosen. In order to evaluate linearity, peak area and peak height
were subjected to least squares regression analysis to produce
a calibration equation with slope, Y-intercepts, and correlation
coefficient (r2).

Accuracy

In order to confirm the method accuracy for quantifying
DCV, standard addition and recovery tests were carried out.
Recovery studies employ a typical addition procedure to a
synthetic mixture created in lab to assess the accuracy of the
method in triplicate. Three different concentration levels of
known amounts of DCV samples were put to a pure drug with
a consistent weight of 10 pg/mL (80, 100, and 120% of label
claim) in triplicates. To make up the volume of diluted samples,
mobile phase was used. The recovery was calculated using the
peak area.

Precision

For determination of DCV, repeatability (intraday) and
intermediate precision (interday) of the procedure were used
to establish its precision for each six samples. The intraday
precision was conducted on the same day with the same
sample at certain time. The same sample solution was used
on one consecutive day to accomplish the interday precision.
To determine the method accuracy, the results were obtained
and the relative standard deviation (RSD) % was computed. For
accuracy, RSD% of DCV peak areas was measured.

Sensitivity

Limit of detection (LOD) and limit of quantification (LOQ)
estimates were used to determine the measurement of DCV

sensitivity. DCV was determined at signal-to-noise (S/N) ratios
of 3:1and 10:1 for LOD and LOQ, respectively.?

Robustness

Robustness analysis was used to examine the impact of small
deliberate adjustments on the ideal chromatographic settings
created for DCV. A 10% change in flow rate, a 2 nm shift in
wavelength, and a 2% change in the composition of mobile phase
were among the other modifications. Three samples of DCV
(30 pg/mL) were evaluated using it in all the aforementioned
circumstances. All system suitability traits and conditional
changes were compared under all altered settings.

Stability-indicating analytical method (CH Q1A)

A crucial step in the process of developing drug medicine is
stability testing. The purpose of stability testing is to demonstrate
how product quantity fluctuates over time and in different
environmental contexts. Recommendations can be made
for shelf life period based on factors including temperature,
humidity, and light. The assay of the active ingredient and the
degradation products produced during stability tests are two
key aspects of the drug product that are crucial in determining
the shelf life duration. The conditions such as 0.1 N HC|,
0.1 N NaOH, 30% H,O,, humidity, hydrolysis, UV light, and
temperature were used in the forced degradation investigation
of DCV. 20 mL of 0.1 N HCI, 0.1 N NaOH, and water were used
to treat 20 mg of DCV, which is the comparable amount. For
four hours the solutions were refluxed at 60 °C. H,0, solution
(30%) was employed for the oxidation investigation, which was
refluxed at 60°C for 6 h. After filtering the solution appropriate
amount of dilution was added. For 10 days, a layer of dry solid
DCV powder was placed in direct sunlight to perform photolytic
testing. On the platform, a petridish held the medication. For 10
days, visible light at 1.2 million lux h and UV light at 200 Wh/m?
were used in degradation experiment. All these conditions were
applied continually until significant deterioration was attained.
All degradation research samples were gathered and diluted
to the proper concentration before analysis. This solution was
put into HPLC instrument for testing. The standard untreated
drug was compared to DCV assay of stressed samples. The
conclusion drawn from the RP-HPLC analysis of all stressed
samples is that the suggested analytical strategy can identify
all degraded products, demonstrating the methods potential to
indicate stability.

RESULTS

Method development of daclatasvir

The aim of this study was to develop and validate RP-HPLC
method for the degradant separation using RP-HPLC data
to clarify the structure. The chromatographic method was
created to look into several important contaminants detected
in DCVs. For method development, DCV was injected into
HPLC simultaneously with all stress samples. To accomplish
the effective separation, different ratios of various solvent
combinations were explored. Using a C, column as the
stationary phase and an acetonitrile: 0.05% OPA in water
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Figure 2. Chromatograms of DCV (A) and tablet (B) showing t, 3.760 + 0.01 min

DCV: Daclatasvir, = Retention time

(50:50 v/v) mobile phase with a flow rate of 0.7 mL/min, a
wavelength of 315 nm, and a column temperature of 40 °C with
a total run time of 10 min, the best separation of DCV from its
related substance was observed. The measured DCV t, was
3.760 + 0.01 min. The chromatogram of DCV is depicted in
Figure 2.

Method validation
The HPLC instrument met the analysis criteria for the system

suitability test for DCV chromatogram and is presented in
Table 1.

Linearity and range

By injecting five different level concentrations of pure DCV
ranging from 10 to 50 pg/mL, the analytical method linearity
was examined. Plotting peak area versus concentration yielded
the slope, Y-intercepts, and correlation coefficient of each DCV
concentration. Data generated from linearity studies displayed a
correlation between peak area and concentration. DCV method
was found to be linear (10 to 50 pg/mL) concentration ranges
with regression coefficients of 0.9998. DCV linearity curve is
depicted in Figure 3.

Accuracy

The correctness of an analytical procedure is determined by the
agreement between true and experimental values. To ascertain
the accuracy, three concentrations (18, 20, and 22 yg/mL) from
various ranges of DCV standard curves were chosen. DCV
recovery was examined in triplicate for concentrations of the
drug sample at 80, 100, and 120%. Recovery experiments were
used to examine the effects of excipients, which are frequently
used in pharmaceutical formulations of drugs. A good level of
quantitative skill was demonstrated by the recovery of DCV in
the sample. Table 1 displays the accuracy results.

Precision

According to ICH regulations, the devised HPLC technology was
evaluated for precision of the study. Intermediate precision
(intraday precision) and percent RSD from six replicates of
DCV samples were acquired. DCV samples were seen to
have intraday precision on the same day. Three separate days
were used to investigate DCV for inter-day precision for the
repeatability study from the six replicates of DCV. The results
are presented in Table 1.

VWOTA, Wavelengin=315 rm (0T2-0707.07

B I

Table 1. A summary of system suitability test parameters for

Parameter HPLC assay
Retention time 3.760 + 0.01
Number of theoretical plate (N) 8337

Tailing factor (A) 0.82

Range 10-50 pg/mL
Linearity (regression equation) y: 151.68x + 598.86
Intercept (SD) 1.5595

Slope (SD) 19.09

Correlation coefficient r2: 0.9998

Accuracy at 80% level® (mean + SD)

100.78 + 0.6144

Accuracy at 100% level® (mean + SD)

99.79 + 0.7622

Accuracy at 120% level® (mean + SD)

97.95 + 0.1145

Intermediate precision®(mean + SD
and RSD%)

101.73 + 0.3281, and 0.3237

Repeatability® (mean + SD and RSD%)

10115 + 0.8914, and 0.8812

LOD (limit of detection)

0.0416 pg/mL

LOQ (limit of quantification)

0.1261 pg/mL

*Replicates of three determinations, °Replicates of six determinations,
SD: Standard deviation, RSD: Relative standard deviation, HPLC: High
performance liquid chromatography, DCV: Daclatasvir, LOD: Limit of detection,
LOQ: Limit of quantification

10000 - A: Calibration curve with area of peak
8000 -
< 6000 -
<4
< 4000 -
2000 -
0 T T T T T !
0 10 20 30 40 50 60
Concentration (ug/mL)

Figure 3. Calibration curve for DCV with area of peak (10-50 pg/mL)
DCV: Daclatasvir
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Quantitative aspects

S/N ratios of 3 and 10 were used to assess LOD and LOQ for
DCV.? LOD of 0.0416 pg/mL and LOQ of 0.1261 ug/mL were
obtained after DCV injection, indicating enhanced sensitivity for
detection and quantification.

Robustness

All the analyses were sufficiently resolved and order of elution
was unaltered, when the chromatographic parameters such
as flow rate, mobile phase composition, and wavelength were
purposefully adjusted. Changes were made to the flow rate
(0.2 mL/min), mobile phase composition (10%), and wavelength
(2 nm). t,, observed peak area, and RSD were reported in
accordance with acceptable bounds. Table 2 presents the
robustness results.

Degradation behavior of the drug and characterization of
degradans

DCV dramatically degrades in alkaline, acidic, and oxidative
environments, but is found to be stable in neutral and photolytic
situations. Table 3 includes the degradation study observation
table for all conditions. According to data from mass spectra
and HPLC chromatograms seen in various stress settings, some
drug product impurities or derivatives were observed as D1,

D2, and D3 under various stress conditions including alkaline,
acidic, and oxidative. All of the HPLC chromatograms, mass
spectra, and ion fragmentation peaks are shown in Figure 4. To
examine if any excipients were discovered, blank samples were
firstly put through the same arduous testing as DCV samples.
HPLC chromatograms and mass spectra of commercial tablets
and blank samples were contrasted. In [M + H]* ESI positive
mode, the peak of DCV mass spectra was discovered to be at
m/z 739.3, which was further broken down into m/z 3701, m/z
513.2, and m/z 565.2. Considering that those are the m/z peaks
most typical of pure DCV drug.

Acidic condition

For the acidic condition, DCV was refluxed with 0.1 N HCl
for 4 h (1 mg/mL). Then, this acidic solution (20 pg/mL) was
added to the HPLC instrument while maintaining the same
chromatographic conditions. The measured DCV t, was 3.762
min. The other peaks named as D1, D2, and D3 were seen at
t, of 3.863, 4.121, and 4.783 min. The mass spectrometer M +
H]* ESI mode employed the same sample. The fragmentation
of additional peaks, which were not visible in pure DCV, was
noticed as m/z 339.1 and m/z 561.2 in the mass spectrum shown
in Figure 4. This shows that degradant is in acidic medium.

Table 2. Evaluation data for robustness study of daclatasvir

Robustness parameters t, minute Peak area* Assay % = SD RSD%
Flow rate

Flow rate (0.6 mL/min) 3.762 5237.72 100.63 + 1.0443 1.0377
Flow rate (0.7 mL/min) 3.788 5257.81 101.05 + 0.5272 0.5217
Flow rate (0.8 mL/min) 3.779 5263.78 10113 £ 11720 11588

Mobile phase composition

Acetonitrile: 0.05% o-phosphoric acid (49:51 v/v) 3.752 5207.84 100.05 + 11663 11657

Acetonitrile: 0.05% o-phosphoric acid (50:50 v/v) 3788 5238.12 100.63 + 1.0078 1.0014
Acetonitrile: 0.05% o-phosphoric acid (51:49 v/v) 3.761 5220.25 100.29 + 11329 11296

Wavelength

Wavelength (314 nm) 3.721 5256.88 100.99 + 0.5778 0.5721
Wavelength (315 nm) 3742 5262.27 100.90 + 0.7735 0.7804
Wavelength (316 nm) 3.761 5236.80 100.79 + 0.8431 0.8498

*Results of three replicates, t.: Retention time, SD: Standard deviation, RSD: Relative standard deviation

Table 3. Results of degradation products for DCV obtained under stress conditions

Serial no Name of degradation Major peak of fragmentation

Retention time (min) Percentage of degradation

stress condition product pattern (m/z)
0.IN HCl D1, D2, D3 3.863, 4.121, 4.783 3391, 561.2 72%
0.IN NaCOH D1, D2 5.188, 5.469 2941, 3391, 505.2, 527.2 97%
H,0, (30%) D3 4.038 3011, 3391 28%

H,0 - -

DCV: Daclatasvir

370, 513, 565, 739 No degradation
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Alkaline condition

In the alkaline condition, DCV was refluxed with 0.1 N NaOH
for 4 h at 60 “C (1 mg/mL). After that, this alkaline solution
was added to the HPLC instrument, while still maintaining the
same chromatographic conditions. The measured DCV t, was
the same as 3.648 min., while other chromatographic peaks
were observed at t, 5.188 min and 5.469 min, another peak was
named as D1 and D2, respectively. The other mass fragmented
ions such as m/z 294.1, m/z 339.1, m/z 505.2, and m/z 527.2 in
the mass spectrum [M + HJ*, which were not seen in pure DCV,
are displayed in Figure 4. The same solution was used in the
ESI mode of mass spectrometer.

VWGT A, Wavelangih=315 nm (1803180ACO0021 D)

Oxidation condition

In the oxidation condition, DCV was refluxed with 3% hydrogen
peroxide at 60 °C for 4 h (1 mg/mL). From this oxidized solution,
a 20 pg/mL solution was made and put into the HPLC device
with the same chromatographic settings. The measured DCV
t, was 3.690 min, while one more additional peak named D1 at
t. 4.038 min was observed. The mass spectrometer [M + HJ*
ESI mode employed for the same sample. The mass spectrum
shown in Figure 4 contains degradans fragments with m/z
301.1 and 339.1, which are absent in pure DCV drug sample.

- —
o &
C Gennisinmca. paet
CCCCCC -
1 } i P = = = 5 o =
TR Wt O STOTDT - T
ay on
0]
B D PR——
o
w50
B | A P [ e s
20
0]
] s
3
100] 3
50 3
Ly 294.2423370 2002 s27.2262 1032.5288
;
1 T T 1 - = = = = o =
TR VT - o=
T T — =
-
F CAOHS1NBOS, [MaH]
v E
raage
0
0 somsonpas. el
0
as
P Q
o] I |
2 3 8 mk 250 a0 sdo abe gox vz
e T
106’
350
G aonsince. patn
200 H

GaoHsONpNaOS, [MaNa]

ED 55 3

Figure 4. HPLC chromatograms and total ion MS/MS spectra scans relative to DCV stressed conditions. HPLC chromatogram of DCV exposed to 0.IN HC|,
60 °C for 4 h, degradant t, at 3.863, 4121, 4.783 min, and MS/MS spectra scans having m/z 3391, 561.2 fragment ion observed (A, B). HPLC chromatogram
of DCV exposed to 0.1 N NaOH, 60 °C for 4 h, degradant t, at 5188, 5.469 min, and MS/MS spectra scans having m/z 294., 3391, 505.2, and 527.2 fragment
ions observed (C, D). HPLC chromatogram of DCV exposed to 30% H,0,, 60 °C for 4 h, degradant t, at 4.038 min and MS/MS spectra scans having m/z 3011,
3391 fragment ions observed (E, F). HPLC chromatogram of DCV exposed to water, 60 °C for 8 h (G, H)

HPLC: High performance liquid chromatography, MS/MS: Tandem mass spectrometry, DCV: Daclatasvir, t.: Retention time
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Neutral condition

In the neutral state, DCV was refluxed with water for 8 h at 60 °C
(1 mg/mL). Under the same chromatographic conditions, 20 ug/
mL solution made from this was fed into the HPLC instrument.
The measured DCV t, was 3.705 min. No other peaks were
seen in the chromatogram. The mass spectrometer [M + H]* ESI
mode employed the same sample. In the mass spectrum shown
in Figure 4, fragmented peaks are matched with pure DCV.

Photochemical degradation

After 15 days of exposure to direct sunlight, DCV exhibited
no symptoms of deterioration. UV chamber use was another
stressor. For 15 days, DCV was exposed to 200 Wh/m? of UV
radiation and 1.2 million lux/h of visible light. There was no
change in DCV chromatogram. As a result, it was confirmed
that there was no degradation. This suggests that the drug is
durable to photochemical stress.

DISCUSSION

In this work, a stability indicating a RP-HPLC assay method
was developed and validated for the routine quality control of
tablet formulations containing DCV. In most of the reported RP-
HPLC methods for DCV, ability of the method to specifically
quantitate DCV in the presence of its degradation products
was not evaluated. Though some RP-HPLC methods have
reported for estimation of DCV in the presence of process
impurities and known impurities, the method is primarily for
quantitation of impurities and is time consuming. The proposed
HPLC method is primarily used for the estimation of DCV in
tablet formulations in the presence of its degradation products.
The chromatographic parameters selected such as mixture
of acetonitrile and 0.05% o-phosphoric acid (50:50 v/v) as
mobile phase in isocratic mode and Hypersil C,; column with
0.7 mL/min flow rate was found to give acceptable peak shape
as indicated by the system suitability parameters. The analyst
DCV was eluted with acceptable t, 3.760 + 0.01 min and, hence,
the analysis is not time consuming. With linearity in the range
of 10-50 pg/mL, the method, which was validated as per ICH
guidelines, is well suited for DCV formulation. The percent
recovery evaluated by standard addition method was found to
be in range of 97.95% to 100.78% indicating that the method is
accurate and can selectively quantify DCV in presence of the
excipients present in the formulation. The standard deviation for
intra- and inter-day precision was found in the range of + 0.3281
and + 0.8914 indicating the repeatability and reproducibility of
the method for the quantification of DCV. DCV was treated
under various conditions and degradation was observed. The
data obtained in ruggedness and robustness studies expressed
the lack of influence of operational and environmental variables
on the test results obtained using the proposed method. To
ascertain ability of the proposed method to selectively quantify
DCV in the presence of its degradation products, forced
degradation studies were performed under acidic, alkaline,
oxidative, neutral, and photochemical conditions. The treated
samples were analyzed by the proposed method. It was found
that DCV degraded under acid, base, and oxidative stress

conditions, whereas it was found to be stable under neutral
hydrolysis and photochemical stress condition. The method
could separate the DCV peak from its degradation product peak
and selectively quantify DCV, indicating the specificity of the
method. The identity of degradation products was confirmed by
high resolution ESI-MS/MS techniques.

CONCLUSION

The current investigation illustrated the need to develop and
validate a DCV stability-indicating RP-HPLC technique under
varied stress levels in compliance with ICH requirements. RP-
HPLC strategy was demonstrated to be a highly potent tool
for separating and identifying degradation products of DCV
medication in three different stress states discovered by high-
resolution ESI-MS/MS techniques. As part of the validation
process, the reported methodology linearity, accuracy, LOQ,
LOD, precision, and ruggedness were all tested. Using this
method, a commercial DCV tablet formulation was tested.
The suggested method for regular analysis is relatively more
straightforward and rapid because it avoids more tedious
chemical procedures. It is also a simple, quick, and cost-
effective method. The findings of DCV degradation study open
up new directions for drug stability research and understanding,
resulting in more tools for quality control and safer treatments.
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ABSTRAC T |

Objectives: Analytical method development and validation for determination of favipiravir (FVPR) in pure and tablet dosage forms by liquid
chromatography with tandem mass spectrometry/mass spectrometry (LC-MS/MS) technique.

Materials and Methods: A simple LC-MS/MS method was developed for determination of a new antiviral drug, FVPR in pharmaceutical formulations.
The stationary phase employed was a Shim pack GISS, C; (100 mm x 2.1 mm, 1.9 pm) column and mobile phase used in pump A was 10.0 mM
ammonium acetate and in pump B methanol was used. The gradient program was used with fixed mobile phase flow rate at 0.4 mL min. Total run
time was 5.0 min. The proposed method was validated according to International Conference on Harmonization (ICH) guidelines. The established
method found better outcomes.

Results: The linearity graph was found in the range of 50-200 pg/mL and the correlation coefficient value (R?) obtained was found to be 1.0. The
limit of detection (LOD) and limit of quantification (LOQ) were 4.044 pg/mL and 12.253 pg/mL, respectively. Tremendous recovery outcomes were
observed and found to be 101%, 99.0%, and 99.5% for FVPR at 150% upper, 100% middle, and 50% lower concentrations, respectively.
Conclusion: All outcomes obtained comply with ICH guidelines. The developed method was simple, unique, accurate, robust, precise, and reproducible
for determination of FVPR in tablet formulation. The method is novel and could be adopted in formulation industry.

Key words: Favipiravir, LC-MS/MS, method development, method validation, quantification

INTRODUCTION replicate the viral genome, and thereby inhibit the viral RNA
Favipiravir (FVPR) is an antiviral drug used for the treatment ~ polymerase.”“Despite being vital against influenza, it was also
of all three types of influenza A, B, and C! The International ~ revealed that FVPR exhibits antiviral activity against alpha-,
Union of Pure and Applied Chemistry (IUPAC) name of filo-, bunya-, arena-, flavi-, and noroviruses and currently

FVPR is 6-fluoro-3-hydroxy-2-pyrazine carboxamide with ~ coronavirus disease-2019 (COVID-19).>¢
molecular formula C,H,FN,O, (Figure 1). This is a pyrazine

carboxamide derivative. The melting point is about 187 °C to o

193 °C. It is sparingly soluble in water, but completely soluble F N\ NH

in organic solvents such as ethanol, dimethyl sulfoxide, and \[ 2
dimethylformamide. FVPR is a prodrug that goes through N/ OH
intracellular ribosylation and phosphorylation into adynamic

form of FVPR ribofuranosyl-5'-triphosphate, inhibits viral RdRp Figure 1. Structure of FVPR
(RNA-dependent RNA polymerase) and, can bind, transcript, FVPR: Favipiravir
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Literature survey revealed that few analytical methods are
reported for determination of FVPR. A chromatographic
separation  method using high performance liquid
chromatography (HPLC) with a runtime of 60 min was
reported.”® A liquid chromatography with tandem mass
spectrometry/mass  spectrometry  (LC-MS/MS)  method
reported for the bioanalysis of antiviral drug FVPR in human
plasma.’ Quantification of FVPR in pharmaceutical formulations
by HPLC-ultraviolet (UV) method, in which the total run
time showed 15 min and limit of detection (LOD) and limit of
quantification (LOQ) concentrations were in mg/mL/°HPLC and
spectrofluorimetric methods were developed by Mikhail et. al."
for determination of FVPR. In the HPLC method, FVPR peak
was eluted at 4.0 min and total run time was 10.0 minutes.”
A pharmacokinetics method was developed by Nguyen et
al!? for estimation of FVPR in Ebola-infected patients. The
spectrofluorimetric method has been developed by Megahed
et al® for determination of FVPR and quantified in human

plasma. An LC-MS/MS method was reported for determination
of multiple antiviral drugs.* Another LC-MS/MS method was
reported for quantification of FVPR in human plasma>'® A
RP-HPLC method was reported for determination of FVPR
in spiked human plasma.” LOQ of reported method was 0.72
pg/mL, where the linearity range was 0.2 pg/mL to 3.2 pyg/mL.
In the proposed method, the results were obtained in pg/mL.
Another LC-MS method has been developed for the assay of
FVPR in human plasma, LOQ of the method was found to be
at 80 pg/mL, where the linear range reported was between 80
pg/mLto 30000 pg/mL.® The sensitivity of this method is quite
more than the proposed method. An LC/LC-MS method'" was
reported in the literature for the determination of FVPR. This
method is quite different from the proposed method. In this
method, the route of degradation mechanism and degradation
impurities are studied. LOD and LOQ of the method were
0.09 pg/mL and 0.027 pg/mL, respectively. The results of the
reported methods are tabulated in Table 1.

Table 1. Comparison of the statistical data of the reported methods and proposed methods

Ref. no. Analytical method Results Remarks
LOD - 0.2 pug/mL
7 HPLC LOQ - NA Analyzed related substances of FVPR
LOD - 0.2 pg/mL
8 HPLC L0Q - NA Analyzed related substances of FVPR
LOD - NA . .
9 LC-MS/MS LOQ - 100 pg/mL FVPR determined in human plasma
Different mobile phase used, mixture of 50 mM
10 HPLC-UV tgg ) ;i%“g//r;t potassium dihydrogen phosphate (pH 2.3) and
OV e acetonitrile (90:10, v/v)
FVPR determined in human plasma samples
. . LOD - 0.985 Mobile phase used as 0.02 M Brij-35, 0.15 M sodium
K HPLC and spectrofluorimetric | 54 2 986 dodecyl sulfate, and 0.02 M disodium hydrogen
phosphate, pH 5.0
L LOD - NA
12 Parmacokinetics L0Q - NA Other than HPLC-UV method developed
. . LOD- 9.44 pg/mL
13 Spectrofluorimetric LOQ- 28.60 pg/mL Other than HPLC-UV method developed
LOD - 25990 pg/mL o
14 LC-MS/MS L0Q - NA FVPR determined in human serum
LOD- NA . e
15 LC-MS/MS LOQ- 60 pg/mL FVPR identified in human plasma
LOD - NA . .
16 LC-MS/MS LOQ - 0.062 pg/mL FVPR estimated in human serum
LOD - NA Lo
17 LC-MS/MS LOQ - 0.72 pg/mL FVPR spiked in human plasma
LOD - NA . .
18 LC-MS/MS LOQ - 80 pg/mL FVPR determined in human plasma
19 LC-MS/MS LOD - 0.09 pg/mL Determine impurity of FVPR and degradation rout

LOQ - 0.027 pg/mL

mechanism

NA: Not available, HPLC: High-performance liquid chromatography, LOD: Limit of detection, LOQ: Limit of quantification, FVPR: Favipiravir, LC-MS/MS: Liquid

chromatography with tandem mass spectrometry, UV: Ultraviolet
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Keeping the drawbacks of the reported LC-MS methods in
mind, we developed and validated the LC/MS-MS method for
determination of FVPR in pure and tablet dosage forms. In the
proposed LC-MS/MS method, total run time was 5.0 min and the
FVPR peak was eluted at 1.9 min. LOD and LOQ concentrations
were found in pg/mL" concentrations. Hence, the proposed
method is more sensitive than other reported methods. These
results clearly indicate that the established method is simpler,
accurate, reproducible, and robust than the reported methods.

MATERIALS AND METHODS

Instruments

Shimadzu prominence HPLC and LCMS-8045 instruments
were used for the proposed method development and validation
for determination of FVPR. HPLC instrument consisted
of a deuterium lamp as the source of light, a UV detector,
a quaternary pump, and an auto-injector. MS/MS system
used was Shimadzu LCMS-8045, which achieves both high
sensitivity and ultra-high-speed detection, outfitted by a heated
electrospray ionization (ESI) probe. LCMS-8045 has maximum
sensitivity in its category, which is designed to maximize
sensitivity and minimize contamination by high-temperature
heating block, heated ESI probe, drying gas, and heated
desolvation line. The Lab Solutions software was used for the
analysis and interpretation of data. All these factors provide
robust instrumentation for the determination of FVPR.

Chemicals and reagents

More than 98% purity of FVPR pure drug was provided by
Karnataka Antibiotics and Pharmaceuticals Ltd. (Bengaluru,
India) as a gift sample. FVPR tablets (label claim, 200 mg,
commercial name-Avigan-200 mg, manufacturer-Dr. Reddy's
Lab Ltd., India) were commercially purchased from local medical
shops. HPLC-grade methanol and ammonium acetate were
procured from Merck Ltd. (India). HPLC-grade ultrapurified
water by Millipore purifier instrument was employed in the
study. The stationary phase used was Shim-pack GISS, column
(C, 21 x 100 mm, and 1.9 ym) was obtained from Shimadzu
Ltd. (Japan).

Mobile phase preparation, standard stock solution and dilutions
The mobile phase consisted of 0.1 M ammonium acetate buffer
of pH 6.5 in pump A and methanol in pump B. The standard stock
solution of FVPR was prepared by dissolving accurately weighed
100 mg of FVPR into a 100 mL standard volumetric flask and
made up to the mark with mobile phase. The prepared standard
stock solution was of the concentration of 1000 pg/mL. From

Table 2. Mobile phase gradient program

the above stock solution 1.0 mL was pipetted out into another
1000 mL standard volumetric flask and made up to the mark
with the mobile phase. The concentration of resulting working
standard solution was 10 pg/mL. Similarly, working standard
solutions of different concentrations of FVPR were prepared
from least to maximum dilutions to examine the parameters of
interest such as linearity, accuracy, recovery, LOD, and LOQ of
the proposed method. For the assay analysis, the test sample
weights were taken according to the standard equivalent and
the following formula was used for the determination of test
sample weights:

Standard weight x Average weight of 20 tablets

Sample weight = Label claim of 1 tablet

Chromatographic conditions

In method development, chromatographic conditions play an
important role. The mobile phase consists of 10 mM ammonium
acetate buffer of pH 6.5 in pump A and methanol in pump B,
followed by a gradient program, as in Table 2. The stationary
phase used was a Shim-pack GISS column. The flow rate of
mobile phase was fixed at 0.4 mL/min. Column oven temperature
was kept at 40 °C and wavelength of detection was fixed at 323
nm throughout the method development and validation. Sample
injection volume was fixed at 10 yL. With these chromatographic
conditions, FVPR sharp peak was eluted at 1.9 min. Total run
time was fixed at 5.0 min.

Mass spectroscopy conditions

MS/MS system used was Shimadzu LC-MS-8045 consisting
of heated ESI probe high-temperature gas supplements the
nebulizer gas whichimprovesthe the desolvation efficiency. This
facilitates the ionization of various compounds. High-voltage
power supply for polarity switching, which assists fork ultrafast
scan speed (30,000 u/s) and maintains a polarity switching
time of 5 ms. High-speed acquisition benefits the laboratory by
reducing run times for increased throughput and shortening the
method development time. The system is designed to be robust.
The heated desolvation line, high-temperature heating block,
heated ESI probe, drying gas, and center optics all proceed
to minimize contamination and maximize sensitivity. Lab
Solutions software was used to analyze the complete method
development and validation for the determination of FVPR and
offers the latest features designed to streamline workflows
and allow analysis to be started without long hours of method
establishment.

Time in minutes

Pump A (10 mM ammonium acetate of pH 6.5)

Pump B (methanol)

0.01 90 10
2.00 40 60
310 90 10
5.00 90 10
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Figure 2. LC chromatograms of FVPR
LC: Liquid chromatography, FVPR: Favipiravir
The mass spectrometer with ESI probe operated in positive 53 o
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polarity, the data acquisition and processing were performed 116
using Lab Solutions software. The distinguishing working ”’
conditions were as follows: nebulization gas flow was fixed ]
at 3 L min, heating gas flow was kept constant at 10 L min, 2]
interference temperature was fixed at 150 °C, heat block W i
temperature was kept constant at 300 °C, and drying gas flow
. . oy . . 15
was fixed at 10 L min. These conditions were maintained for
mass spectrometer throughout the method development and "
validation process. =
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RESULTS

Method development

Mobile and stationary phases play an important role in the
proposed method development and validation for determination
of FVPR. The mobile phase was balanced by analyzing different
trials with various mixtures of solution A (pump A) and solution
B (pump B) followed by gradient time programs. FVPR sharp
peak was eluted after various trials in mobile phase ratios
with a gradient time program. The expected peak was not
eluted suitably after analyzing different ratios of pump A and
B mobile phases. Hence, pump A mobile phase was replaced
by 10 mM ammonium acetate of pH 6.5 and methanol in pump
B. The wavelength of detection was fixed at 323 nm. Gradient
time program was fixed as shown in Table 2. Under these
conditions, FVPR sharp peak was eluted with a good baseline

Figure 3. Mass spectrum of FVPR
FVPR: Favipiravir

in chromatograms as in Figure 2. In the mass spectrum, three
peaks were observed m/z: 84.95, m/z: 113.05, and m/z: 1411
(Figure 3). Hence, for the whole method development and
validation, pump A was used for 10 mM ammonium acetate of
pH 6.5 and pump B for methanol followed by the gradient time
program as mentioned in Table 1. With these various trials, good
peaks were observed in both chromatogram as well as mass
spectrum and approximate fragment structures (ionized ion
fragments) found and revealed in Figure 4. All the parameters of
the proposed method were in compliance with the International
Conference on Harmonization (ICH) guidelines.?
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Figure 4. Fragmentation pattern of FVPR
FVPR: Favipiravir
S0 ¥ = 10094 + 45290 Table 3. Precision, LOD, LOQ, and linearity outcomes
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Inthe proposed LC-MS/MS method, five concentrations between
50 and 200 pg/mL standard solutions of FVPR were injected
and examined. The regression significance was found suitable
(R2: 1.0). Y= bX+C equation was used for determination of R?
values. The linearity graph of FVPR was designed by different
areas against different concentrations of FVPR solutions. The
resultant graph revealed a straight line for the FVPR as shown
in Figure 5. The outcomes indicated that the method could be
analyzed at various concentrations. Hence the developed an
LC-MS/MS method is supposed to be validated. The results are
presented in Table 3.

Precision

In the proposed method, precision data were found to be
excellent and in accordance with ICH guidelines. The outcomes
were found to be precise and well within the range. On the
same day and on different days, six separately spiked standard

intercept

LOD: Limit of detection, LOQ: Limit of quantification, RSD: Relative standard
deviation, NMT: Not more than

solutions and test solution were analyzed repetitively for the
precision parameter. The intra- and inter-day performances
were examined and outcomes revealed that there were not
many deviations in the obtained results. The percentage of
relative standard deviation of the test solution of six individual
assay outcomes was found to be less than 2.0%. Therefore,
it can be concluded that the developed LC-MS/MS method is
precise. The results are revealed in Table 3.

The LOD and LOQ

Several methods for determining detection and quantification limits
are described in ICH guideline.?’ These include visual assessment,
signal-to-noise  (S/N) ratio calculations, response standard
deviation calculations, and calibration curve slope calculations.
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Table 4. Recovery and assay results

Brand and label  Amount found mg/

Parameter

Concentrations in %

Assay, % Recovery, % RSD%  Limit

claim/table tablet
Assay (spiking FVPR)  Avigan 200 mg  201.0 100 100.5 - 0.02
50 - 10011 0.51
98.0-102.0%
Recovery - - 100 - 1015 072
150 - 101.2 0.64

RSD: Relative standard deviation, FVPR: Favipiravir

Table 5. Robustness data of FVPR

Parameters Actual Low High

Flow variation 0.4 mL/min 0.3 mL/min 0.5 mL/min
(iolumn temperature 40 38 4

(o)

RSD% 09 11 13

RSD: Relative standard deviation, FVPR: Favipiravir

LOD and LOQ in the current study were determined using the
third approach and were based on the 3.3 x (o/m) and 10 x
(o/m) criteria, respectively. o stands for the standard deviation
of y-intercept of the regression line and m for the slope of the
calibration curve. LOD and LOQ of the proposed method were
found to be 4.044 ug/mL and 12.253 pg/mL, respectively. These
results indicated that the method was very sensitive for the
determination of FVPR. The results are tabulated in Table 3.

Recovery

In the recovery parameter, data was accomplished by three
different concentration solutions of FVPR; lower, middle,
upper, and blank was spiked at 50%, 100%, and 150% against
the standard solution. The results obtained fulfilled the ICH
guidelines. Hence, the established method was excellent. The
standard formula was used to calculate outcomes. The data
of the recovery parameter was found satisfactory as shown
in Table 4. The limit of recovery range accepted is 98-102%.
The obtained outcomes were well within the range for all three
different concentrations. Therefore, the recovery parameter
indicated that the proposed method can be used in industry.

Specificity

Standard procedures were used for the assay of FVPR. The
clear and separated peak was found in liquid chromatography
and in the case of mass spectrometer there were three peaks
eluted at m/z84.95, m/z113.05, and m/z 1411, respectively. When
injected these solutions separately, the consistent retention
time and m/z obtained for both the standard (working standard)
as well as test solution (formulation) were found to be between
98.0% and 102.0%. Thus, assay data were complying with the
ICH guidelines. It was also observed that there was no probable
excipient peak interference for the determination of FVPR. The
following excipients were used for the specificity parameter:
microcrystalline cellulose, starch, magnesium stearate, lactose
monohydrate, micropowder silica gel, and magnesium sulfate.

These excipients did not interfere during the assay of FVPR
using the LC-MS/MS method. Therefore, the proposed method
revealed specificity for FVPR assay. Results of the assay were
found to be satisfactory and are displayed in Table 4.

Robustness studies

The robustness parameter contains deliberate changes in the
developed method. The known concentration of the standard
solution of FVPR was injected at different conditions, i.e.,
column oven temperature was changed from 40 °C to 35°C and
45°C and flow rate variation in the mobile phase ranging from
0.3 mL/min to 0.5 mL/min. The results are exhibited in Table 5.
The acquired outcomes were satisfactory and comply with the
ICH guidelines. There were no many deviations in the overall
results. Hence, the established method can be used under
varying conditions. Thus, the established LC-MS/MS method is
robust.

Solution stability

Solution stability of FVPR was studied up to 48 h by keeping the
solutions at 8 °C. To study this parameter, the standard (50 pg/
mL) as well as the test solutions from O h to 48 h were injected.
The obtained assay results were found to be 101.5%, 101.1%,
99.8%, and 99.0% for the O, 12, 24, and 48 h, respectively. On
observing these data, it can be concluded that there was no
much deviation in the area and the calculated assay values up
to O h to 48.0 h. Since the FVPR solution stability results were
found stable up to 48 h, the developed LC-MS/MS is stable for
determination of FVPR.

DISCUSSION

The critical literature survey (Table 1) exposed that there were
not many analytical methods on LC-MS/MS for estimating
FVPR in bulk and formulations. Most of LC-MS/MS methods
report the analysis of FVPR in biomatrix including plasma
and body fluids. Further, some LC methods used different
stationary and mobile phases for determination of FVPR in
bulk and formulation forms. The reported analytical methods
for the determination of FVPR were less sensitive and took
more time for the analysis. Hence, it was planned to develop
a highly sensitive, simple, reproducible, rugged, and robust
analytical method for the determination of FVPR in pure and
pharmaceutical formulations. In the proposed method, LOD
and LOQ values were found to be 4.044 pg/mL and 12.253 pg/
mL, respectively, while linearity range was found between
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50 pg/mL to 200 pg/mL for five concentrations (R% 1.0). The
results of solution stability studies were found to fit well within
the limit. Recovery and assay data were found to be acceptable
and better than literature methods. The developed method was
highly sensitive, simple, accurate, rugged, reproducible, and
robust. The proposed method is novel and exclusive, which
can be employed in industries for the routine analysis of FVPR.
The proposed method overcomes most of the limitations of
the reported methods. The proposed method is cost-effective.
Total run time of the method was much less. Hence, the method
is reliable for the rapid analysis of FVPR and can reproduce
accurate and precise results for the formulation samples as
well.

CONCLUSION

Majority of the formulations of an antiviral drug has analytical
methods for their determination, such as LC-MS/MS, HPLC,
UPLC, and UV-spectroscopic methods. FVPR is an antiviral drug
used to prevent COVID-19 and other influenza. We developed
an analytical method and validated it by LC-MS/MS instrument.
The established method was highly sensitive, reproducible, and
rugged. Above all, all parameters outcomes were complying
with the ICH guidelines. Thus, the proposed LC-MS/MS method
exposed the determination of FVPR in bulk and formulations.
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ABSTRACT

Objectives: A new, simple, and affordable spectrofluorimetric method was established for quantification of capecitabine in bulk and in marketed
formulations.

Materials and Methods: Native fluorescence of capecitabine in 0.1% (w/v) cetrimide was measured at 386 nm after excitation at 313 nm.

Results: A linear relationship between fluorescence intensity and capecitabine concentration was noticed in 0.2-1.0 pg/mL range. The method
was supported by checking several validation parameters as stated using International Conference on Harmonization (ICH) guidelines. The limit of
detection (LOD) and quantification (LOQ) values (0.032 and 0.096 pg/mL, respectively) and results of validation parameters demonstrated that the
method procedure were sensitive, accurate, precise, and reproducible (% relative standard deviation <2.0). The percentage assay in commercial
formulation was found to be 99.2, which agrees with ICH guidelines.

Conclusion: Due to the above findings, developed method can be successfully adopted for routine analysis of capecitabine in pharmaceutical dosage
forms.

Key words: Capecitabine, spectrofluorimetry, linearity, accuracy

INTRODUCTION

Capecitabineischemicallyknownas pentyIN-[1-[(2R, 3R, 4S,5R)- 0
3,4-dihydroxy-5-methyloxolan-2-yl]-5-fluoro-2-oxopyrimidin- )]\ CH
4-yl] carbamate (Figure 1). Being an antineoplastic drug, it is HN O/\/\/ 3
used for treating breast and colorectal cancers? Extensive F

literature review of capecitabine disclosed several analytical | N

methods for its quantification either alone or in combination /K

with other drugs. Visible spectroscopic methods in methanol,® CHs N
ultraviolet (UV) spectrophotometric methods in various
solvents, such as methanol, ethanol, water, 0.1 N NaOH, 0.1 N
HCl, water:acetonitrile (50:50),4% electrochemical analysis,”
atomic absorption spectroscopic method,” high performance OH OH
liquid chromatography (HPLC) methods in combinations of

Figure 1. Chemical structure for capecitabine
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stationary and mobile phases,®?" high-performance thin-layer
chromatographic (HPTLC) method,"? ultra-high performance
liquid chromatography (UPLC) method,?® bioanalytical
methods using HPLC 3% HPTLC3%* LC-MS/MS* and UHPLC-
MS/MS method® were reported in literature.

Although numerous instrumental techniques are available till
date, no spectrofluorimetric method has been reported so far
for capecitabine using cetrimide as solvent to the best of our
knowledge. Chromatographic methods (HPLC, HPTLC, UPLC,
etc.) require costly instrumentation, skilled technicians, and
expensive solvents. Spectrofluorimetry attained exceptional
status in drug analysis because of its appreciable specificity
and sensitivity. Unlike spectrophotometry, the analysis can
be achieved at both excitation and emission wavelengths in
spectrofluorimetry.®® Keeping these facts in view, a simple
extraction free and sensitive spectrofluorimetric method was
attempted for capecitabine using cetrimide as solvent. The
method was validated as stated in International Conference on
Harmonization (ICH) guidelines* and the same with success
used for the quantification of capecitabine in marketed dosage
form.

MATERIALS AND METHODS

Chemicals
Capecitabine (active pharmaceutical ingredient) was procured
from Gland Pharma (Hyderabad, India). The marketed
formulation containing capecitabine (Xeloda tablets, Sunrise
Remedies Pvt. Ltd., Gujarat, India) was acquired from nearby
drug store.

Instrumentation

Various instruments including digital balance (Shimadzu, AUX
220D, Japan), pH Meter (Elico L120, Hyderabad, India), ultra
sonicator (Sonica Ultrasonic Cleaner, ltaly), melting point
apparatus (DBK, Mumbai, India), UV-visible spectrophotometer
(1800, Shimadzu, Japan), fourier transform infrared-
spectrophotometer (IR affinity 1, DRS 8000, Shimadzu, Japan),
and spectrofluorometer (Shimadzu, RF 5301 PC, Japan) were
used in the present investigation. The standard statistical
functions in MS-EXCEL were used to compute statistical
parameters such as arithmetic mean, standard deviation (SD),
and percent relative standard deviation (RSD%).

Chemicals and reagents

Cetrimide (0.1% w/v)

Cetrimide was accurately weighed (0.1 g) and dissolved in
adequate distilled water (in a volumetric flask) and diluted to
100 mL.

Capecitabine stock solution

A stock containing 1000 pg/mL of capecitabine was produced
by transferring 10 mg of analyte to 10 mL of 0.1% (w/v) cetrimide
in a volumetric flask and the contents were mixed well. These
aliquots were transferred into 10 mL volumetric flasks and
were suitably diluted with 0.1% (w/Vv) cetrimide to obtain final
concentration of 10 and 100 pg/mL of capecitabine.

Analytical method development

The spectrofluorimetric method development for capecitabine
was attempted by dissolving the analyte in various solvents.
Cetrimide 01% (w/v) was found to be suitable through
optimization studies. The stock solution containing 10 pg/mL
of capecitabine in cetrimide 0.1% (w/v) was used to identify the
excitation and emission wavelengths. The excitation wavelength
was fixed and solutions were scanned to get emission spectra.
Capecitabine showed fluorescence at emission wavelength 386
nm following excitation at 313 nm, when 0.1% (w/v) cetrimide
was used as a blank.

Analytical method validation

The emerged method was validated as stated in the ICH
specifications to prove applicability of the analytical method in
quality control of capecitabine.

Linearity

A set of 10 mL volumetric flasks holding aliquots of capecitabine
in 0.2-1.0 pg/mL range in 01% (W/V) cetrimide was prepared.
Intensities of above solutions were recorded for fluorescence
at A 386 nm using an appropriate blank. The features of the
calibration curve such as slope, intercept along with correlation
coefficient were computed.

Accuracy (recovery studies)

Degree of closeness of the results was determined by computing
recoveries of capecitabine using the standard addition method.
Standard solutions of capecitabine at 80, 100, and 120% levels
were spiked to a fixed concentration of capecitabine from the
tablet powder (equivalent to 0.5 pg/mL) contained in volumetric
flasks. The volume in each flask was made up to mark with
0.1% (w/v) cetrimide. Fluorescence intensities of the emerged
solutions were resolved at the emission wavelength of 386 nm.
The recovery was verified by analyzing analyte in triplicate
preparations at each concentration level.

Precision

The repeatability/intra-day precision of the present method was
set by assessing the corresponding response three times in a
single day for three distinct concentrations of capecitabine (0.2,
0.6, and 1.0 pg/mL). The intermediate/inter-day precision was
deliberated by estimating selected concentrations (0.2, 0.6, and
1.0 pg/mL) response in triplicate on three different days over
a week period. The results of both studies were expressed as
percentage relative standard deviation (% RSD).

Sensitivity and robustness

Sensitivity of the analytical method was represented by
determining the lowest detectable amount (LOD) and the lowest
quantifiable amount (LOQ) using samples containing very low
concentrations of capecitabine as per ICH guidelines. LOD and
LOQ were calculated using the formulae 3.3* (SD/slope) and
10* (SD/slope), respectively. Fluorescence intensity of the
analyte solutions was also recorded by making small changes
in emission wavelength to establish robustness in the analytical
method.
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Assay of capecitabine in pharmaceutical dosage form

Twenty tablets of marketed formulation (Xeloda®) containing
500 mg of capecitabine were taken, precisely weighed and
powdered. A quantity of powder analogous to 10 mg of
capecitabine was transferred into a 10 mL volumetric flask and
the volume was made up to mark with 0.1% (w/v) cetrimide
(1000 pg/mL). The resulting solution was screened via
Whatman filter paper (no: 41). An aliquot of the clear filtrate
was suitably diluted to obtain 0.5 pg/mL of capecitabine in 0.1%
(W/Vv) cetrimide and the same was used for testing. The amount
of capecitabine was determined by substituting responses
into equations of the straight line representing the calibration
curves with a correction for dilution.

RESULTS AND DISCUSSION

Analytical method optimization

Capecitabine  structure  contains  5-fluoro-pyridimidin-
2-one moiety in conjugation with amide group. The
fluorescence potential of capecitabine may be attributed to
the abovementioned chromophoric groups. This fluorometric
method was optimized by studying type and concentration of
the solvents. Stock solutions of capecitabine in solvents such
as water, methanol, chloroform, dimethylsulfoxide, acetate
buffer (pH 5.0), potassium dihydrogen orthophosphate (pH
3.0), tween 80 (0.25% v/v), sodium lauryl sulphate (0.1 N), urea
(0.1 M), cetrimide, sodium hydroxide (0.1 N), and hydrochloric
acid (0.1 N) were prepared separately from respective standard
solutions (1000 pg/mL). Fluorescence intensity of capecitabine
in cetrimide was found to be maximum among all. Hence,
cetrimide was chosen as a suitable solvent for further analysis.
Capecitabine in cetrimide exhibited maximum fluorescence at
emission wavelength 386 nm, following excitation at 313 nm
(Figure 2). Therefore, the same wavelengths were used in
further method optimization. The effect of concentration of
cetrimide on fluorescence intensity of the analyte was studied
by testing different concentrations of cetrimide (0.1, 0.25, 0.5,
0.75, and 0.1% w/v). Sample solutions of capecitabine (10 pg/
mL) prepared using the above cetrimide solutions were scanned
and the results are provided in Table 1. Cetrimide, 0.1% (w/v)
was found to be optimum as maximum fluorescence potential
was noticed with the same. Capecitabine sample solutions
prepared by dissolving in 0.1% (w/v) cetrimide were found to be
stable up to 48 h at room temperature.

Analytical method validation

Linearity

The optimized method was further justified as per ICH guidelines.
The relationship between capecitabine concentration and
corresponding fluorescence intensity was found linear over
0.2-1.0 pg/mL concentration range with an r2 of 0.9991. The
regression equation obtained was y= 9.8571x + 0.1514. The
method established a good correlation between concentration
and fluorescence intensity of capecitabine over the studied
concentration range. The results of linearity studies are given
in Table 2 and Figure 3.

Accuracy (recovery studies)

Three distinct levels (80, 100, and 120%) of standards (in
triplicate) were spiked to commercial tablet powder to determine
the accuracy of the proposed method. The mean percentage

Fluorescence
intensity

Wavelength (nm)

Figure 2. Excitation and emission spectra of capecitabine in 0.1% w/v
cetrimide

Table 1. Effect of concentrations of cetrimide on capecitabine
at A 386 nm

Fluorescence intensity

. N
Serial no Concentration (% w/v) at 386 nm
1 01 106.627
2 0.25 74.588
3 05 44781
4 0.75 56.643
5 1.0 35.618
12
v=018571x +0.1514
£1°7° Re=09991
=
g5
g s
E
= 24
o] T T T T 1
o] 0.2 0.4 0.6 0.8 1 12
Concentration (png/mL)

Figure 3. Calibration curve of capecitabine (0.2-1.0 pg/mL) in 0.1% (w/v)
cetrimide

Table 2. Calibration curve data of capecitabine at A_ 386 nm

Fluorescence intensity at

Serial no Concentration (ug/mL) 386 nm (AM £ SD) (n=3)
1 0.2 2.30 £ 0.095

2 0.4 415+ 0.253

3 0.6 6.01+ 0.303

4 0.8 8.03 £ 0.297

5 1.0 9.99 + 0.143

AM: Arithmetic mean, SD: Standard deviation
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Table 3. Data for accuracy studies of capecitabine

Recovery Conc. of sample  Conc. of standard  Total amount Amount recovery (AM + SD)

Analyte level %)  (pg/mL) spiked (ug/mL)  (ug/mL) (ug/mL) (n=3) %Recovery  %RSD"
80 05 0.4 09 0.866 + 0.0035 96.22 0.40

Capecitabine 100 05 0.5 1.0 1.08 + 0.006 108.00 0.56
120 05 0.6 1" 116 + 0.020 105.45 172

2Acceptance criteria: % RSD should not be more than 2.0, AM: Arithmetic mean, SD: Standard deviation, RSD: Relative standard deviation

Table 4. Data for precision of analytical method
Intra-day precision Inter-day precision

Concentration (ug/mL)  Concentration estimated (ug/mL)

Concentration estimated (ug/mL)

(AM £ SD) % RSD* (AM £ SD) %RSD?
02 0.23 £ 0.0018 078 0.224 + 0.0026 116
0.6 0.727 + 0.0047 0.65 0.658 + 0.0053 0.81
10 0.946 + 0.0034 0.36 0.927 + 0.0071 077

2Acceptance criteria: %RSD should not be more than 2.0, AM: Arithmetic mean, SD: Standard deviation, RSD: Relative standard deviation

Table 5. Assay of capecitabine in the marketed formulation

Formulation Label claim (mg) Amount found (mg) (AM % SD) (n=3) % Assay % RSD*

Xeloda® 500 496 + 2.83 99.2 0.55

*Acceptance criteria: %RSD should not be more than 2.0, AM: Arithmetic mean, SD: Standard deviation, RSD: Relative standard deviation

recoveries and percentage RSD of the same were calculated
and reported in Table 3. Percentage recoveries were found to
be 96.22, 108.00, and 105.45, respectively, for the three levels.

Table 6. System suitability parameters

Parameters Capecitabine

The results were found to be satisfactory, which was indicated Excitation wavelength (nm) 313
by %RSD <2.0. Emission wavelength (nm) 386
Precision Linearity range (ug/mL) 0.2-1.0
Tr|pl|(.:a.te samples of three d|SS|m|lar <.:oncentrat|ons Slope (m) 9.8571
containing 0.2, 0.6, and 1.0 pg/mL of capecitabine were used

for ascertaining the intra- and inter-day variability. Results of Intercept () 01514

these studies are provided in Table 4. %RSD values were found
to be 2.0, indicating the satisfactory exactness of the method.

Sensitivity and robustness

Sensitivity of analytical method was evidenced with LOD and
LOQ values, which were found to be 0.032 and 0.096 pg/mL,
respectively. Furthermore, robustness of the proposed method
was established by evaluating the influence of small variations
in the emission wavelength at 386 + 2 nm. The results indicated
that these changes did not greatly affect the fluorescence
intensity.

Analysis of capecitabine in marketed formulation

The contemplated method was applied with success in
commercial tablets. The amount of capecitabine in the
formulation was found to be 496 + 2.83 mg and assay% was
99.2 (Table 5), which is in the acceptance range of 98.0-101.0%
for capecitabine as per ICH guidelines. Percentage RSD less
than 2.0 indicated the reliability of this method. The details
of optimized conditions for the spectrofluorimetric method of
capecitabine are given in Table 6.

Regression equation

Y=9.8571x + 0.1514

Correlation coefficient (r?)

0.9991

Accuracy (%RSD)

Less than 2.0

Precision (%RSD)

Less than 2.0

LOD (ug/mL) 0.032
LOQ (pg/mL) 0.096
Assay (%) 99.2

LOD: Lowest detectable amount, LOQ: Lowest quantifiable amount

CONCLUSION

This spectrofluorimetric method developed for quantification of
capecitabine in 0.1% (w/v) cetrimide was found to be simple,
sensitive, and rapid. High scope of the method was evidenced
through analysis of validation parameters. This method is more
suitable, while working with low levels of capecitabine as the
linearity range established over 0.2-1.0 pyg/mL concentrations
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confirms the same. Adoptability of the method in quality control
analysis of capecitabine was ascertained in the marketed
tablets. Non-interference of the formulation excipients in the
actual determination of capecitabine was noticed. Assay values
(%) and %RSD values obtained during accuracy and precision
studies were within the ICH stated limits. With the said features,
the contemplated spectrofluorimetric method can be employed
for routine quality control analysis of capecitabine in tablet
dosage forms.
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ABSTRACT

Objectives: Solanum scabrum Mill. commonly “African nightshade” or “huckleberry” is a plant, whose leaves are used by tribes in Nigeria and
Cameroon for making the popular “Kombi” and “Njama Njama” soups, respectively. This study aimed to evaluate the anti-inflammatory and anticancer
activities of the leaf crude methanol extract from S. scabrum.

Materials and Methods: Fractions of the plant were tested for anti-inflammatory potential and in vitro anticancer activity on MCF-7 and HMVII cell
lines by carrageenan-induced oedema in mice, and cytotoxicity assays such as 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyl-2H-tetrazolium bromide,
transwell migration and invasion assays, and apoptosis study by flow cytometry, respectively.

Results: Bioguided isolation yielded a white crystalline compound 3-nitro dibenzofuran (C_H,NO,, m/z; 21319 g/mol, m.p.; 181.49 C). 'H-NMR
showed seven signals at & (ppm) 2.8-4.3 consisting of two doublets and five singlets, while *C-NMR revealed twelve carbons, which are majorly
methyl carbons at & (ppm) between 120 and 195. All tested samples demonstrated dose-dependent anti-inflammatory activity in carrageenan-
induced mice. The isolated compound, i.e. solanine, and chitosan-loaded drugs showed significant inhibitory activity on the cell lines with inhibitory
concentration 50 (IC,)) values of 852, 0.82, and 22 pg/mL, respectively on MCF-7 cell line and 4.54, 0.08, and 12.1 pg/mL, respectively, on
HMVII cell line, while doxorubicin (adriamycin) positive control, had IC_; values of 0.02 and 0.06 pg/mL, respectively, on MCF-7 and HMVII cancer
cells. Selectivity index of solanine was the lowest in the study, hence, it lacks the ability to differentiate between cancerous and normal cell
Vero E6 cell lines. Chitosan-loaded drugs quicken early apoptosis and sustained late apoptosis in cells with much improved selective indices.
Conclusion: The results obtained from this study further affirmed the use of chitosan nanoparticles as carriers for anticancer drugs.

Key words: Solanum scabrum, anti-inflammatory, anticancer, chitosan, solanine, glycoalkaloid

INTRODUCTION

Humans have relied on natural products such as medicinal

and buds are used ethnobotanically in various forms such
as anti-inflammatory, antimalarial, anticancer, antioxidant,

plants for their day-to-day needs such as medicines, food,
and shelter since time immemorial. Plants have played crucial
roles in mitigating the deleterious effects of various diseases
from different regions of the world!? As one moves from
one geographical location to the other, plant's morphological
parts such as leaves, stembarks, roots, flowers, seeds,

anticonvulsant, antihelminthic, antidiabetic, antihypertensive,
antiviral, and antiulcer agents. Some preparations are used
as decoctions, infusions, tinctures, ointments or powders.
Regardless of their mode of preparation, the main goal is to
confirm a possible ethnopharmacological effect on the targeted
disease. Recently, use of plants and compounds from plants as
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anti-inflammatory and anticancer agents has gained popularity,
especially in countries with low access to conventional anti-
inflammatory and anticancer drugs due to a lack of income and
availability of quality drugs. In addition, the side effects of most
anti-inflammatory and anticancer drugs have paved the way for
the lack of trust in these conventional drugs in African countries
such as Nigeria, Cameroon, Ghana, South Africa, Egypt, Kenya,
Congo DR, Gambia, Sudan, and others.3® The ability of medicinal
plants to illicit remarkable ethnopharmacological effects on
organs, tissues, and cells is solely dependent on the secondary
metabolites present in the plant. For instance, alkaloids,
flavonoids, saponins, tannins, and terpenoids play various roles
in the disease conditions of humans.™

Inflammatory disease is a type of illness that is usually
characterized by swelling of a part of the body, organ or
tissues. It usually occurs as a result of immunological response
to bacterial invasion, ruptured cells or tissues, poisonous
substances in the body and immune breakdown, which could
be either acute or chronic!® Treatment of inflammation is
commonly carried out using non-steroidal anti-inflammatory
drugs and some of these drugs have been reported to cause
various degrees of side effects in the body pharmacologically,
notably some proton pump inhibitors like diclofenac sodium."
Like inflammation, cancer has been one of the greatest
nightmares in human health challenges before the coronavirus
disease-2019 pandemic (COVID-19) in 2019.

Cancer accounts for about 40% of deaths worldwide. The
major causes of cancer are not fully understood, but it is
caused by mutations in oncogenes. Cancers are named
according to the organ or part of the body they are found and
all have semblances in how they illicit pathological effects in
humans.?® To date, treatment of cancers with conventional
drugs has yielded little or no results due to the negative side
effects of most anticancer drugs. Current research is focused
on the use of natural anticancer agents from plants that have
shown potent ethnopharmacological effects on cancer cells.
These phytoconstituents have been used ethnomedically to
successfully treat cancers such as those of the breast, cervix,
colon, scrotum, and ovary.?

Currently, in order to overcome the challenges experienced by
most anticancer drugs in targeting cancer cells successfully,
chemotherapeutic drugs are loaded either actively or passively
in carriers such as chitosan to deliver their contents onto
cancer cells, thereby inducing apoptosis in the cell*® Chitosan
nanoparticles (CSNP) are particles of size 1-1000 nm that are
made by the exoskeletons of crustaceans (crabs and prawns).
They are used as carriers for anticancer, antifungal, and
antimicrobial drugs.®”” Chitosan is a drug and protein carrier
because of its numerous advantages such as biodegradability,
target specificity, accessibility, little or no toxicity, easy method
of preparation, ability to pass overcome, and evade the body’s
defence unnoticed.

Among the plants used to treat inflammation and cancers in
Mambila (Taraba State, Nigeria) is Solanum scabrum Mill.
(commonly called African nightshade or garden huckleberry)
(Solanaceae). It is locally called “kombi” in the Hausa and

“fulfulde” languages. The leaf is used to make “kombi” and
“njama” soups in Gembu (Mambila, Taraba state) and Cameroon,
respectively. It grows well in countries of West Africa
(Nigeria and Ghana), Central Africa Republic, and East Africa
(Cameroon) at very low temperatures.® The leaf of S. scabrum
is an important delicacy in Nigeria and Cameroon because it
is believed to possess antioxidant, anticancer, analgesic, anti-
inflammatory, antispasmodic, and vasodilatory activities, while
these claims are still being verified. Phytochemical screening
of the leaves and roots showed that S. scabrum contains
flavonoids, alkaloids, saponins, and tannins as well as steroidal
saponins such as solanine, a glycoalkaloid derivative. It also
contains numerous nutrients like proteins, iron, ascorbic acid,
and vitamins!® Despite the health and nutritional benefits
derived from S. scabrum, there is a major concern regarding
the presence of solanine glycoalkaloid in the leaf and root
extracts of many nightshade families, even though it has not
been confirmed in S. scabrum.®? Solanine is found in almost
all the nightshade family (Solanaceae) and has been termed
an alkaloid poison, which is used as fungicide and pesticide.”'
In traditional medicine, the leaves and roots are also used as
sedative and anticonvulsant agents and for treating asthma,
acute cough, and cold.?

In the present study, we evaluated the anti-inflammatory
potential and in vitro anticancer activity of S. scabrum on
breast and vaginal melanoma cell lines. We isolated solanine
as a glycoalkaloid from the leaf crude methanol extract and
checked its purity using thin-layer chromatography (TLC) and
high-performance liquid chromatography (HPLC). The effects
of crude extracts, fractions, solanine, and chitosan loaded with
these samples on the cell lines were also evaluated in vitro.
The study further investigated the pH, at which chitosan-loaded
drugs release more drugs in vitro release study. Therefore,
this study was designed to evaluate the therapeutic effects of
solanine glycoalkaloid in cancer treatment and chitosan-loaded
drugs against cancer cell lines.

MATERIALS AND METHODS

Materials and reagents

Acetic acid, NH,OH solution, sulphuric acid, HPLC grade,
Dulbecco’s minimum essential medium (DMEM), and
3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) reagent were purchased from Sigma-Aldrich
(St. Louis Mo, USA). MCF-7 human breast cancer cell, HMVII
woman vaginal melanoma cancer cell, and Vero E6 cell line
from an African green monkey were obtained from the ATCC
(USA), dimethyl sulfoxide (DMSO0), glutaraldehyde (GA),
propidium iodide (PD), 0.5% tween 20 solution, and 0.1%
RNase were obtained from Benrocks’ Medicals Nigeria (Sigma
Aldrich). Apo alert caspase-3-colorimetric assay kit was
purchased from Clontech (USA), while chitosan 100 G (purity:
99+ % deacetylated) was purchased from Chemsaver (USA).
Doxorubicin USP and diclofenac BP were supplied by Jude
Pharmacy Ltd. (Nigeria). The remaining reagents and solvents
were of analytical grade.
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Collection plant material

Fresh leaves of S. scabrum (kombi) were collected in the early
morning hours (5-6 a.m.) (temperature: 4-8 °C) from a farm
land in Gembu, Sarduana Local Government Area, Taraba
State, Nigeria (a border town between Nigeria and Cameroon).
Identification of the plant was done by a taxonomist, Dr. Jones
Pone of the Forest Guide, Ogurugu, Nigeria, with voucher
number OFG/SOL/0024. The leaves were air-dried under
shade for two weeks and pulverized into fine powder using an
electronic blender, weighed, and stored in a clean container for
further use.

Preparation of extract

Powdered leaves of S. scabrum weighing 1500 g were extracted
with 2.5 L of methanol using a cold maceration technique for
72 h. It was carefully filtered three times using whatman no.
9 filter papers into a clean beaker. The filtrate obtained was
evaporated to dryness using a Buchi R-300 rotary evaporator
(Thomas Scientific, USA) at 45 °C to produce a final yield of
50% (w/w). The dark green colored extract was then stored
in a clean sample bottle and kept in a refrigerator at -4 °C for
onward use.

Isolation of solanine

Exactly 80 g of powered leaves were subjected to cold
maceration with 250 mL 5% acetic acid solution (v/v) in
a 500 mL capacity beaker for 24 h. The extract was filtered
using whatman no. 1 filter paper to remove any cellular debris
present. The content was warmed to 70 °C and allowed to cool.
pH was adjusted to 10 by adding 10 mL solution of concentration
NH,OH dropwise and centrifuged at 1200 rpm for 5 min. The
supernatant was discarded while the precipitate was washed
with NH,OH (1%), recentrifuged, and concentrated in vacuo to
obtain crude solanine. Presence of solanine was qualitatively
confirmed by an instant production of red to violet coloration
with formaldehyde and sulfuric acid solutions.?® The crude
solanine isolated was purified by boiling for 5 min in 50 mL
methanol solution, filtered, and concentrated to obtain brownish
solanine crystals (weight: 8.4 g). A TLC plate was used to check
the purity of solanine using acetic acid:ethanol (1:3) as the
solvent system by obtaining a single spot on the TLC plate.?

Purity check of isolated solanine using HPLC analyses

HPLC analyses were performed on an Agilent 1290 Infinity Series
HPLC system (Agilent Technologies, UK) with a G4212A diode
array detector, G1316C thermostatted column compartment
(TCC). Column temperature was 25 °C, a G4220A binary pump
with 5 mL/min flow rates and a G4226A infinity autosampler.
Solvent A mobile phase was made up of acetonitrile solution,
while B was water mixed with phosphoric acid solution (0.2%).
Elution was performed using a gradient elution at a flow rate
of 1 mL/min. The wavelength was 270 nm, while the sample
injection was 5 pL. Total runtime for the analyses was 45 min.

Bioguided partitioning of extract

The methanol extract weighing 250 g was dissolved in a 500 mL
capacity separating funnel (Thomas Scientific, USA) containing
mixture of distilled water and methanol (7:3) and partitioned

three times each with 500 mL of n-hexane (HF), ethyl acetate
(EF), and n-butanol (BF) for bioguided anti-inflammatory
and anticancer activities. Each fraction was concentrated in
vacuo to produce respective yields of 8 g, 48.6 g, and 22.4 g
fractions, and tested for their anti-inflammatory and anticancer
activities in vitro. The fractions with most active bioactivities
were each subjected to silica gel (60 x 120 mesh; 100 g)
column chromatography using gradient elution fractions with
the following solvent systems: HF:EF (7:3); HF:EtOAc:MeOH
(5:3:2), and BF; HF:EtOAc:BF (6:3:1). 50 sub-fractions of 30 mL
were collected from each fraction. Subfractions with similar
profiles (R, values) each on the TLC plates were pooled together
and further subjected silica gel column to obtain additional
subfractions. Subfractions with the best activity was subjected
to Sephadex® G5050-10G (Merck, Germany) and eluted with
EtOAc:MeOH (2:8). Characterization of bioactive compounds
was performed using NMR and gas chromatography-mass
spectrometry (GC-MS).

Preparation and characterization of CSNPs loaded extract
Extracts weighing 1 g each were dissolved in 400 mL acetic
acid solution (1%, v/v) in a beaker and mixed with 4 g of chitosan
(100% purity; 90+ % deacetylated, Chemsaver, USA), which was
previously dissolved in 10 mL deionized water, and made up to
100 mL, then stirred properly for 10 min. Then, 500 pL GA (a
cross-linker) was added in dropwise under constant magnetic
stirring using a 10 mL sterilized syringe at 3000 rpm for 30
min on a Young-Ji HMZ 20DN magnetic stirrer (made in China).
Chitosan-loaded drugs were prepared in batch codes of CE1 to
CE4 for chitosan-loaded with crude leaf extract. CS1to CS4 for
chitosan-loaded with solanine and CDr1 to CDr4 for chitosan-
loaded with doxorubicin as the reference anticancer drug.
Batch codes CE1, CS1, and CDr1 were not crosslinked with GA
for the sake of comparison. The prepared chitosan formulations
were each spray-dried using a nano spraying drying apparatus
(Shanghai, China) with 0.5 mm nozzle diameter, inlet and outlet
temperatures of 130 °C and 65 °C, respectively, atomization
air pressure of 38 mbar, liquid flow rate of 2.5 mL/min, and
drying airflow of 1.5 m3/min. Characterization of drug loaded
microspheres was carried out in terms of yield, morphology,
particle size, % drug entrapment or encapsulation efficiency,
and in vitro drug release.?>?

Percentage yield of CSNPs

The developed CSNPs were dried using nanospray dryer
(Shanghai, China). The dried microspheres were collected
and weighed, while percentage yield was calculated using the
formula below:

% Yield= (Final weight of dried CSNPs/initial weight of starting
materials) 100.2°

Morphology of CSNPs

The surface morphology of CSNPs using a phenom desktop
scanning electron microscope (SEM) with fully integrated
energy dispersive spectroscopy and scanning electron detector
(Thermo Fisher Scientific, Nigeria). Diethyl pyrocarbonate
dissolved CSNPs were observed at 3000x magnification for the
morphology and the extent of encapsulation.?5%
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Particle size of CSNPs

CSNPs were diluted in 0.1 MKCl and placed in an electrophoresis
cell of field potential 15.4 v/cm connected to a Zetasizer
apparatus (Malvern Zetasizer 3000 HS, UK) to determine the
sizes and charges of the microspheres. Three readings were
taken and means taken.?’

Percentage entrapment or encapsulation efficiency of CSNPs
The developed CSNPs were re-dispersed in deionized water
and centrifuged at 3000 rpm for 30 min at 25 °C to separate
the microspheres from the supernatant. Thereafter, CSNPs
were diluted with phosphate buffer saline (PBS) (pH: 7.4) and
the solution concentration was then measured using Shimadzu
Ultraviolet (UV)-1900 UV-Visible (vis) Spectrophotometer
(Shimadzu Europa GmbH, Duisburg, Germany) at 266 nm. The
percentage entrapment was then calculated using the formula
below:?’

Entrapment/encapsulation efficiency% = (experimental drug
contents/total drug contents) 100

The prepared nanoencapsulated formulations were used in in
vitro anticancer study.

Drug release study of CSNPs

The in vitro drug release study was carried out using dialysis
tubes method. In this procedure, the CSNPs prepared were
dissolved in 5 mL PBS of pH 7.4. Then, 500 mL-volume beakers
were filled with 150 mL PBS for each formulation code. The
dialysis tubes were then filled with 10 mL of formulated chitosan/
drugs and both ends of the dialysis bags were tied using clean
ropes. It was then placed in the beakers and subjected to
stirring under a magnetic stirrer at 1500 rpm at 37 °C. In every
one hour, 5 mL of the contents from the beaker was drawn
and replaced with a fresh 5 mL of PBS and continued for 6 h.
The amount of drug release in the study was then determined
by measuring the contents using UV-vis spectrophotometer at
570 nm.262

Experimental animals

Thirty Swiss albino mice of opposite sexes weighing between
15 and 25 g were purchased from the animal house of the
Department of Pharmacology, University of Jos, Nigeria. The
animals were housed in a metal cage (90 cm x 45 cm) with
access to clean water and feed and were maintained at normal
temperature. They were allowed to acclimatize for two weeks
in the laboratory before the in vivo experiment. Ethical approval
for the use of these animals was given by Research Ethical
Committee of the University of Jos, Nigeria (UJ/FPS/ F17-
00379, date: 31.07.2018).

In  vivo anti-inflammatory:
inflammatory mouse model

The mice were grouped into five groups of six animals. Mice
in group 1 served as the negative control which received 2 mL
normal saline, group 2 was the positive control which received
100 mg/kg diclofenac BP, while groups 3, 4, 5, and 6 were the
treatment groups which received 200, 400, 800, and 1.200
mg/kg b.w. doses of S. scabrum extracts (i.p.). The doses were

carrageenan-induced  anti-

calculated on 30% lethal dose obtained from previous toxicity
studies.?” Paw edema was induced in the mice by sub-plantar
injection of carrageenan (0.1 mL of 1% carrageenan solution in
0.9% normal saline). The volume of paw edema was measured
at 0, 1, 2, and 3 h using a Harvard apparatus plethysmometer
(Massachusetts, USA). Average paw edema volumes at various
intervals were measured.?® This procedure was repeated using
chitosan loaded with: crude EF (CE3); EF was loaded into
chitosan because it was the most bioactive fraction, solanine
(CS2) and pure solanine (S). Percent inhibition of paw edema
volume was thereafter calculated from the formula below:

Inhibition% = (Pc- Pt/Pc) x 100

where, Pc= paw edema volume of control group, Pt= paw
edema volume of treated groups.

In vitro anti-inflammatory study: inhibition of protein
denaturation

The in vitro anti-inflammatory study was performed using
protein denaturation model with slight adjustment.?*° Briefly,
different concentrations of extracts according to the doses
used in encapsulation (i.e., HF, EF, BF, chitosan loaded with
EF extract (CE3), chitosan loaded with solanine (CS2), and
solanine (S); 500, 1000, 1500, and 2000 pg/mL, were mixed
with 5% bovine serum albumin (BSA, 1 mL) incubated at 27 °C
for 15 min. The control was made up of distilled water and BSA.
Denaturation of proteins was achieved by placing the mixture
in a water bath at 65 °C for 15 min and allowed to cool. Sample
absorbance was measured at 615 nm in triplicates. Percentage
inhibition of inflammation was calculated from the formula
below:

Inhibition% = (absorbance of control - absorbance of sample/
absorbance of control) x 100

In vitro anticancer studies

Culturing cell lines

Antiproliferative potentials of each extract were determined
using human breast cancer (MCF-7) and woman vagina
melanoma (HMVID cell lines. HMVII cell line was maintained in
DMEM supplemented with 10% (v/v) fetal bovine serum (FBS),
penicillin/streptomycin (1%), and 2 mM L-glutamine, while the
MCF-7 cell line (ATCC, USA) was grown in serum free (with
glutamine) Roswell Park Memorial Institute medium (RPMI-
1640, Biocompare) with similar treatment condition. Each cell
line was seeded at 1 x 10° cells/mL regularly in a humified
atmospheric condition of 5% carbon dioxide maintained at 37
+2°C*®

Cytotoxicity study

Evaluation of crude extracts, solanine, and chitosan-loaded
extracts/drug cytotoxicity was performed by MTT assay. Briefly,
cancer cell lines were seeded at a cell density of 8.000 cells/
well in 96 well plates and incubated for 24 h before transfection.
After 24 h of transfection, the medium was removed and 20 uL
of MTT (5 mg/mL) was added to each well and incubated for
4 h. The medium was then removed and the cells were rinsed
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with PBS (pH: 7.4). The formazan crystals formed in living
cells were dissolved in 100 yL DMSO per well. Relative cell
viability (%) was then calculated for each experiment based on
absorbance at 550 nm using a microplate reader. The viability
of non-treated control cells was arbitrarily defined as 100%.%"%

Transwell migration assay (modified Boyden chamber assay)
In vitro cell invasion and migration ability were performed by
transwell assay. In this procedure, 8.0 ym pore size transwell
filters were placed in 24 well plates coated with 50 g matrigel
(Corning Inc., USA). Then, 0.2 mL of cells (1 x 108 cells/L) in
serum free medium was added to the top chambers of the
transwells, while 0.2 mL of RPMI-1640 medium containing
FBS (10%) was added to the bottom chambers. The cells were
then incubated in the transwells at 37 °C with 5% CO, for 24
h. The non-migratory cells on the upper surface of the filter
were wiped with cotton swab, while the migrated cells on the
lower surface of the filter were fixed with 98.1% (v/v) methanol
(Sigma Aldrich, USA) for 30 min, and then stained with Giemsa
stain for 15 min. Four fields were counted on each filter under a
microscope (Olympus, England) using 400x magnification. The
mean values of readings were calculated.®

Apoptosis assay by flow cytometry

Programmed cell death (apoptosis) was evaluated using a BD
FACSLyric™ flow cytometer (BD Biosciences, USA). Briefly,
cancer cell lines (MCF-7 and HMVID) were each seeded at a
density of 100,000 cells/well in 24 well plates (Costar, USA).
The cells were then incubated at 37 °C in a 5% CO, incubator
for 24 h. After this, the cell lines were each treated with various
concentrations (2.5, 5, and 10 pg/mL) of solanine as well as
chitosan-loaded extracts (CE3, CS2, and CDr2), and were then
washed in 0.1 M PBS (serum free), trypsinized, and later fixed
in 90% ethanol (v/v) (JoeChem Ltd, Nigeria). Finally, the cells
were stained with a prepared solution containing a mixture of
20 pg/mL PI (Sigma Aldrich, USA), 0.5% tween 80, and 0.1%
(10 mg/mL) RNase A (Biocompare, USA) and incubated at 37 °C
for 30 min. The apoptotic cells were sorted out at 405 nm scan
and analyzed.**®¢ The untreated cells served as the control.
The experiment was conducted in triplicate. The percentages
of apoptotic cells were determined according to the following
formula:

Apoptotic cells% = (Lna + Dna/Lnc + Lna + Dnc + Dna) x 100

where Lnc = live cells with normal nuclei, Lna = live cells with
apoptotic nuclei, Dnc= dead cells with normal nuclei, and Dna =
dead cells with apoptotic nuclei.

In vitro caspase-3-like activity assay

Cell lines were seeded at 1 x 105/cell on coverslips and treated
with equal concentrations (100 pg/mL) of plant extracts (E,
S, CE3, CS2, and CDr4). It was then incubated overnight for
24 h. To detect caspase-3-like protease activities, Apo Alert
caspase-3 colorimetric assay kit (Clontech, Palo Alto, USA)
was used. After treatment, cells were rinsed in PBS solution
and fixed in para-formaldehyde (4%) for 10 min at 45 °C. Pre-
chilled methanol (-20 °C) was then used to permeabilize the

cells for 30 min. Total DNA was then stained with 4,6-diamidino-
2-phenylindole for 15 min. The apoptotic strand breaks and
total DNA were visualized using transmission epifluorescence
microscopy.34°

Evaluation of cellular morphology

Chitosan-loaded extracts (formulations) and extracts were
typsinized, fixed in 5% GA, and dehydrated to remove water
before observing them with the Phenom SEM (Thermofisher,
USA). Cells not treated were used as control.

Statistical analysis

The data are presented as mean + standard deviation (SD) of
three different experiments. Significance differences between
treated and control groups were compared using analysis of
variance (One-Way ANOVA). The values of p<0.05 were taken
as statistically significant using GraphPad prism version 9.1.

RESULTS

Isolation of solanine glycoalkaloid

Only brief properties of this compound were mentioned here
since it has been previously isolated from some plant families.*
A brownish solid crystal of solanine weighing 8.0 g was
obtained with the following data: EI-MS m/z (M*) 867 g/mol;
molecular formula: C,H,,NO,; 'H-NMR (CDCI3, 3.500 MH2):
73 protons with olefin groups at chemical shift 5.3 ppm, O-H
groups at 0.5-5.0 ppm all peaks were in the aliphatic regions;
BC-NMR showed 45 carbons mainly methyl carbons, melting
point; 272.5 °C and HPLC analyses showed a retention time of
19 min with sharp peak area.

Bioguided fractionation of Solanum scabrum extract
Bioguided fractionation was carried out following solvents
in increasing order of their polarities using HF, EF, and BF.
Fractionations of the extract yielded the following fractions:
HF, EF, and BF. Each of the fractions was bioguided by anti-
inflammatory and anticancer activities to determine the most
active fraction. Results were expressed as a percentage
inhibition of paw edema volume in mice and cell viability
of MCF-7 cell line, respectively (Table 1). The most active
fractions (BF; 52.41 + 41% inhibition in inflammation model and
EF; inhibitory concentration 50 (IC,): 14.28 + 0.12 pg/L) were
further fractionated into four subfractions (BF.1, BF.2, BF.3, and
BF.4) (EF1, EF.2, EF.3, and EF.4) for their anti-inflammatory
and anticancer activities, respectively. n-Butanol (BF.4) and
ethyl acetate subfractions (EF.2) were the most active for
anti-inflammatory and anticancer activities, respectively, and
were further purified in silica gel column chromatography.
Purification of isolated bioactive compounds was confirmed by
the presence of single spots on the TLC plate.

Identification of isolated compound from leaf

The isolated most bioactive anti-inflammatory and anticancer
compound from S. scabrum leaf was structurally elucidated
and identified based on the data obtained from 'H, *C, HSQC,
and HMBC-NMR (500 MHz, Bruker) as well as MS (Agilent
technologies). '"H-NMR showed seven signals, while ®C-NMR
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displayed twelve carbons, which are mainly methyl carbons.
These data were compared with those reported in literature
(NIST, 2014). The anti-inflammatory compound was identified
as 3-nitrodibenzofuran (dBF3N) with the following properties:
color; white crystal, m/z; 213, and m.p.; 181.49°C (Figure 1).

Preparation and characterization of chitosan loaded extracts

From the results, nano-formulated extracts yielded 1214 to
18.25 g (CE1-CE4), 10.05 to 16.22 g (CS1- CS4), and 812 to
14.06 g (CDr1-CDr4). Developed microspheres with larger sizes
(in pm; 1 pm= 1000 nm) possessed higher percentage EE than
those with smaller sizes as seen from the table below. The data

Table 1. Bioguided fractionation of extracts for their anti-

inflammation and anticancer effects

Extract Anti-inflammation MCF-T IC,
(%) (pg/mL)

HF 12.01 £ 0.20 88.24 + 412

EF 4211+1.20 14.28 £ 012

BF 5241+ 21 92.24 + 4.02

Asplrln (refere.nce for 7632 + 2.04 NA

anti-inflammation assay)

Doxorubicin (reference NA 0.80 £ 001

for anticancer assay)

Results are mean + SD (at p<0.05; one-way ANOVA), NA:Not applicable, HF:
n-hexane fraction, EF: Ethyl acetate, BF: n-butanol, SD: Standard deviation,
IC,,: Inhibitory concentration 50

from the characterization of formulated CSNPs are presented
in Tables 2 and 3; Figure 2 below:

Anti-inflammatory activity test of extracts

The results of anti-inflammatory effects of the extracts by
carrageenan-induced paw edema and protein denaturation
assays are shown in Figure 3. From the results, the highest
paw edema reduction of 2.68 + 0.01 mm was obtained in the
treated group, which received 1200 mg/kg EF as well as mice
that received 0.5 pg/mL CE3 and solanine (S) with 1.44 + 0.01
mm, and 2.52 + .02 mm after 3 h of carrageenan induction.
Mice treated with HF at 200, 400, 800, and 1200 mg/kg b.w.
S. scabrum extract and CSNPs loaded solanine (CS2) does not
show significant decrease in paw volume from 1to 3 h compared
to the standard drug (Figure 3a). Similar results were obtained
in Figure 3b where chitosan loaded solanine and HF recorded
the lowest percentage inhibition of protein denaturation when
compared with those of other treatment groups (p<0.05; One-
Way ANOVA).

Anticancer activities of extracts

Cytotoxicity study of extracts

Chitosan-loaded doxorubicin (CDr4) showed the highest IC,
value of 0.02 = 0.01 and 0.01 + 0.01 pg/mL against MCF-7
and HMVII cells, respectively. These values were followed
by those obtained when the cells were exposed to solanine
alone (S) with IC,; value of 813 + 0.01 and 12.01 + 1.10 pg/mL,
respectively. However, the selective index (SI) of exposing the
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Figure 1. NMR and MS spectra and HPLC chromatogram of the isolated compound from Solanum scabrum leaf; a; '"H-NMR with seven protons between 2.81-
4.33 8 (ppm), b; *C-NMR with twelve carbon atoms, c; MS with m/z 213 and molecular peak ion 139 at 62.89% peak area for 3-nitrodibenzofuran, d; HPLC
chromatogram showed 1911 min with isocratic elution. CDCl, was used as a solvent for NMR analysis. MS: Mass spectrometry, HPLC: High-performance

liquid chromatography
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Table 2. Preparation and characterization of chitosan NPs loaded with Solanum scabrum extract, solanine, and doxorubicin by spray

drying technique

Batch code GA (ug/mL) Yield (%) Size (um) % EE Zeta® (mV)
CE1 500 1214 0.05 + 0.01 320112 20.22+0.2
CE2 1000 12.22 0.06 + 0.01 63.04 + 21 2514 +12

CE3 1500 18.25 0.01 £ 0.01 9851 +1.3 25.66 £1.2
CE4 2000 18.10 0.02 £ 0.02 96.42 +1.2 2415+ 0.6
Cs1 500 10.05 0.05 + 0.01 4424 + 0.4 22.00 + 0.1
Cs2 1000 16M 0.02 + 0.01 9212 £ 21 2414 +£0.2
Cs3 1500 10.14 0.01+0.02 9322+ 21 2513+ 0.1

CS4 2000 16.22 0.01+0.10 6612 +2.2 2515+ 0.2
CDr1 500 812 0.06 + 0.01 46.08 + 1.2 2014 + 01

CDr2 1000 8.99 0.08 + 0.02 7914 + 21 24.00 £ 0.1
CDr3 1500 12.54 0.09 +0.03 9216 +2.2 25.04 £ 0.1
CDr4 2000 14.06 0.02 + 0.01 98.01+2.2 2499 +0.2

Results are mean + SD, chitosan concentration is 1.0% (w/V); drug loading is 2% (w/v). Drug released in 6 hours increases with the concentration of glutaraldehyde
in all batch codes. The particle size was expressed in pm i.e., T pm: 1000 nm. The particle sizes range from 0.01 to 0.09 pm (i.e., 10 to 90 nm), GA: Glutaraldehyde,
EE: Entrapment efficiency, % Zeta potential, SD: Standard deviation, NPs: Nanoparticles, CE: Chitosan NPs loaded with Solanum scabrum extract, CS: Chitosan NPs
loaded with solanine, CDr: Chitosan NPs loaded with doxorubicin

Table 3. In vitro drug release study of formulated chitosan NPs MCF-7 breast cancer cell to solanine alone was not all that

Batch code Drug release in 6 h (%) encouraging as compared with that of CDr4 after 72 h and with
CE1 22.01+112 same concentrations (12.5, 25, 40, and 50 pg/mL) in vitro. From
CE2 15.01 + 010 the resglts also, chitosan-loaded EF (CE3) established improved
CE3 4411 + 142* values in IC, and Sl than other treatment groups (Table 4).
CE4 18.22 +1.20 Invasion and migration assay
CSt 28.04 + 212 Transwell assay helps us to know how cancer cells migrate
cs2 6418 2 40* and invade other tissues and respond tq chgmoattractants
and move toward them. From the results in Figure 4 below,
CS3 2510 £ 114 exposure of the cancer cells to chitosan-loaded solanine (CS2)
CS4 18.24 +1.24 does not remarkably prevent the migration and invasion of the
CDr1 33.08 + 2.54 human vaginal melanoma cells HMVII. However, the exposure
CDr2 3844 + 022 of cell lines (HMVII and MCF-T7) to solanine alone significantly
D3 4011 + 150 prevented the migration and invasion of MCF-7 breast cancer
r — cell lines. These results were comparable with that of the
CDr4 5210 + 2.01*

doxorubicin anticancer drug (p<0.05; one-way ANOVA).

*Best optimized conditions were selected for anti-inflammatory and
anticancer studies. Results are mean + SD (n: 3). SD: Standard deviation, NPs:
Nanoparticles, CE: Chitosan NPs loaded with Solanum scabrum extract, CS:
Chitosan NPs loaded with solanine, CDr: Chitosan NPs loaded with doxorubicin

a.CE3 b. CS2 ¢. CDr4

Figure 2. SEM morphology of chitosan loaded with crude Solanum scabrum extract (CE3), solanine (CS2), and doxorubicin (CDr4). Glutaraldehyde was used
as cross-linking agent 3000x. SEM: Scanning electron microscope
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Figure 3. Anti-inflammatory activity of Solanum scabrum extracts and
chitosan NPs loaded extracts; a; (carrageenan-induced paw oedema), b;
(effects on protein denaturation). Results are means + SD. The values of
p<0.05 were statistically significant. HF: Hexane fraction, EF: Ethyl acetate
fraction, BF: Butanol fraction, CE3: Chitosan-loaded crude extract batch
code 3, CS2: Chitosan-loaded solanine batch code 2, S: Solanine, SD:
Standard deviation, NPs: Nanoparticles
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Figure 4. Transwell migration and invasion assay of solanine (S)
and chitosan-loaded solanine batch code 2 (CS2) as viewed using a
hemocytometer. Results are mean + SD for three replicate readings.
Cellular migration and invasion were much more pronounced with CS2
treatment when compared to cells exposed to solanine alone. S: Solanine,
CS2: Chitosan-loaded solanine batch code 2, SD: Standard deviation, Dox:
Doxorubicin

Apoptosis study

From the results obtained in the figures below, exposure of the
cancer cells to CS2 does not result in early apoptosis of the
cells, however, cellular integrity was lost as seen from the flow
cytometry images. Early apoptosis was induced on exposure of
cells to solanine glycoalkaloid after 72 h with shrinking nuclei
after staining with Pl. Percentage apoptosis in cells was high
with increased concentration of solanine (S) in the early and
late stages of apoptosis as well as increased caspase-3-activity
in MCF-7 breast cancer cell line (Figure 5 a-c). This result was
comparable to that of doxorubicin as reference drug.

Table 4. Inhibition of MCF-7 and HMVII cancer cells growth by crude fractions and chitosan NPs-loaded extracts after 72 h incubation

by MTT assay

Extracts IC,, (ug/mL) CC,, (ug/mL) —
MCF-7 HMVII VeroE6 (normal cell) Selectivity index (MCF-7)

HF 23417+ 612 128.44 + 4.20 13211 £ 1.24 0.56

EF 10.10 £ 0.01 18.32 £ 1.21 96.34 £ 21 9.54

BF 2210+ 0.01 88.21+2.52 112.24 £ 1.42 5.08

S 8.13 + 0.01 12.01 £ 110 206.94 + 2.21 25.45

E 21.01+0.21 24.00 +1.22 88.94 + 0.18 4.23

CE3 10.04 £ 0.01 12.44 £ 114 12814 + 412 12.76

CS2 96.22 + 412 10210 £ 6.12 22045 £ 4.22 2.29

Dox 0.8 £ 0.01 0.24 + 0.01 22.02 +1.01 27.53

CDr4 0.02 £ 0.01 0.01+0.01 56.36 + 0.14 >100

Results are mean + SD (n: 3). MCF-7, HMVII, and VeroE6 cells (1 x 108/cells) were treated with each of the extract alone, CE3, CS2, and CDr4 loaded chitosan NPs
as well as doxorubicin alone for 72 h. Cancer cells were pre-treated 30 min separately for each sample prior to chitosan-loaded drugs treatment. Each experiment
was performed in triplicate. The concentration of doxorubicin was 0.5 mg/mL in all the experiments involving doxorubicin. The selectivity index of these treatments
against the MCF-7 was determined from the normal cell VeroEé. HF: Hexane fraction, EF: Ethyl acetate fraction, BF: Butanol fraction, S: Solanine, E: Solanum
scabrum leaf methanol extract, CE3: Chitosan-loaded extract batch code 3, CS2: Chitosan-loaded solanine batch code 2, Dox: Doxorubicin, CDr4: Chitosan-loaded
doxorubicin batch code 4, SD: Standard deviation, NPs: Nanoparticles, MTT: 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl|-2H-tetrazolium bromide
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Figure 5. Fluorescence images of MCF-7 cancer cells after treatment with CS2 and solanine (S) with various concentrations (12.5, 25, 40, and 50 pg/mL)
at 12, 48 and 72 hours. Apoptotic cellular death and necrosis were detected by staining with propidium iodide and analysed with flow cytometry. Results are

mean + SD for three consecutive readings. p<0.05 was taken as a significance different. Ea: Early apoptosis, La: Late apoptosis, Cn: Clear nuclear, N: Necrosis
of cells, Ln: Late necrosis, S: Solanine, SD: Standard deviation

Similarly, chitosan-loaded extract (CE3) and solanine (CS2), do
not induce higher percentage of cellular apoptosis in human
vaginal melanoma cell HMVII when compared to that in breast
cancer cell MCF-7. The result further showed that solanine
induced the highest percentage of cellular apoptosis in all
the cell lines followed by chitosan loaded doxorubicin (CDr4)
after 72 h (Table 5). These values obtained were statistically
significantly different from the control (p<0.05; one-way
ANOVA).

DISCUSSION

In traditional medicine, plant parts such as leaves are reduced
into fine powders using mechanical means to improve
their contact with solvents and promote the penetration
of extracting solvents into the tissues. Extraction, which
normally follows pulverization, is usually carried out by a cold
maceration technique, where the powdered leaves are soaked
in an appropriate volume of methanol to obtain the active
phytoconstituents from the leaves. In this study, the use of

this extraction method also helps to prevent the loss of active
metabolites due to heat. This is because active constituents
(secondary metabolites) in plants are readily destroyed on
exposure to heat,® hence, the main reason why the leaves of S.
scabrum we collected were air-dried under shade. Moreover,
drying of medicinal plant parts helps to reduce the moisture
content thereby preventing microbial and enzymatic action,
hence, extending the shelf life of the part.4

Nanotechnology as an aspect of medical sciences involves
the engineering of functional systems at the molecular scale.
Nanomedicine is an emerging aspect of nanotechnology where
NPs are employed to prevent, diagnose, and treat diseases.
Because of their biocompatibility, specificity, non-toxicity, and
biodegradability, NPs have been used to deliver various drugs
to a specific sites in the body.*? In our current study, CSNP was
used to deliver various extracts and doxorubicines to cancer
cells. Chitosan is naturally obtained by chitin deacetylation. It
is a positively charged nanocarrier. Because of its ability to
adhere to cells and readily absorbed in the body, it is the most
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Table 5. Percentage apoptosis induced by exposure of MCF-7 and HMVII cancer cell lines to CE3, CS2, CDr4, solanine, and

doxorubicin

Concentration (pg/mL)

Cancer cells Sample 125 Py 40 50
CE3 2512 + 0.01* 28.02 £ 1.01 2898 £ 1.20 30.41 £ 2.01*
Cs2 510 + 0.01* 5.88 + 0.01* 6.15 + 0.01 4.02 £ 0.01*

MCF-7 CDr4 76.87 £ 2.11 78.82 + 2.56 8814 + 4.22 8814 + 2.88*
Solanine 68.24 + 2.41* 7212 +4.01 78.99 + 3.24* 84.44 + 410*
Dox 44.22 +2.08 58.38 £ 211 58.88 + 2.21 62.10 + 2.24
CE3 512 £ 0.01* 25.04 £ 211* 2810 +1.01 36.02 + 2.01*
Cs2 5.44 £ 0.01* 5.88 + 0.01 6.21 + 0.01* 5.02 + 0.01*

HMVII CDr4 2810 + 2.01 35.82 + 2.01* 38.40 + 2.01 4515 + 2.03
Solanine 36.22 £ 1.01* 48.26 £ 2.01 56.44 + 2.44 56.88 + 2.10*
Dox 1518 + 1.11* 28.02 +1.02 28.42 +1.01 36.56 + 1.11*

Results are mean + SD, *Significance different at p<0.05 (one-way ANOVA) for n: 3. CE3: Chitosan-loaded crude extract batch code 3 from ethyl acetate fraction,
CS2: Chitosan-loaded solanine batch code 2, CDr4: Chitosan-loaded doxorubcin batch code 4, Dox: Doxorubicin

favorable nanocarrier for targeted drug delivery. It also has the
characteristics of always being attracted to negatively charged
cells and this is the feature that makes CSNPs a candidate of
choice for the treatment of solid tumors.®** Apart from the
aforemention, CSNPs have also shown the capacity to increase
the permeability of cell membranes in both in vitro and in vivo
studies, stabilizing agent owing to its ability to form film, ability
to be modified chemically and its low cost.*>*" From the results
obtained in this study, drugs loaded into CSNPs exhibited more
biological activities than when the drugs were used directly on
the organs or tissues.

In this study, S. scabrum extracts were evaluated for their
anti-inflammatory and anticancer effects on human vaginal
melanoma (HMVID) and breast cancer cell lines (MCF-7) in vitro.
In our study, bioguided fractionation of S. scabrum extracts
indicated that BF and EF exhibited high anti-inflammatory
activity in vitro. No anti-inflammatory and anticancer activities
were observed in the HF. EF was the most sensitive and
biologically active of all the fractions in the MCF-7 cell line at
the concentration investigated (Table 1). Further subjection of
EF to chromatography isolation gave rise to 3-nitrobenzofuran
(dBF3N) as characterized by GC-MS and NMR spectroscopy,
which is the bioactive compound from the fraction, and it is one
of the active compounds responsible for the observed biological
activities of the fraction in this study. Similarly, in a previous
study, solanine alkaloids were isolated from S. scabrum, where
a broad range of glycoalkaloids of solasodine were reported
in S. scabrum berries by using HPLC-UV/VIS-MS or MS/MS
methods.*® This study was the first time that it is being isolated
from the leaf extract.

In this present study, cross-linking of CSNPs with GA slightly
affected the yield, size (expressed in ym), zeta potential, and
percentage entrapment from 500 to 2000 pg/mL (Table 2,
Figure 2), as was also reported that the use of GA as a cross-

linking agent resulted in increase in size of NPs with narrow
polydispersity index and highest zeta potential.*’ The presence
of some aggregates in the morphology of the prepared CSNPs
as displayed by the SEM (Figure 2) do not mean that it was
not uniform with the drugs but they represent medium sized
CSNPs which ranges from 0.01 to 0.09 pm (i.e., 10 to 90 nm).
This is because NPs range for 1-100 nm in size.”” From the
present study, as the conditions of prepared CSNPs were
optimized, the particle size, encapsulation efficiency, and yield
increased linearly with the concentration of GA (Table 2). Size
and amount of drug entrapped or encapsulated by NPs are very
crucial in drug delivery as these will affect the amount of drug
release.??" In this current study, the small and medium sizes of
formulated CSNPs greatly assisted in effective delivery of these
encapsulated drugs. This is because the smaller the size of a
NP, the more it is unnoticed by the body’s defence mechanisms
until it reaches the targeted site to deliver its contents in
controlled release.?”

Similarly, concentration of the cross-linking agent GA plays
crucial roles in optimization conditions of nanosized materials
as seen in the study (Table 3). Anti-inflammatory agents are
substances that are capable of reducing inflammations such
as redness of eyes, swellings, and pains in the body. The
mechanism of these agents is by blocking some pain receptors
in the body, which can cause inflammation. In this current
study, CSNP-loaded solanine resulted in a percentage increase
in paw volume, whereas the animals treated with solanine
alone showed a significant reduction in paw volume within
3 h (Figure 3a, b). Apart from chitosan loaded with solanine,
other chitosan-loaded drugs showed similar reduction in paw
volume, which is a sign of anti-inflammation, thereby reducing
swelling. Similarly, mice exposed to solanine glycoalkaloid
produced the best denaturation of proteins than CS2, HF, and
BF. The implication of this may be that chitosan must have
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exhibited activity reducing effects on solanine glycoalkaloid.
The reasons for such reduction were not fully understood in
the current study, however, it can be linked to the presence of
nitrogen atom in the compound since chitosan also possessed
some nitrogen atoms.> Solanine-treated carrageenan-induced
inflammation, EF and CE3 exhibited the highest percentage
protein denaturation (Figure 3b). These results were compared
with that of the control drug prednisolone (p<0.05; one-way
ANOVA). The result further showed that CSNP drug delivery act
synergistically with other drugs and extracts except solanine.
The presence of aglycone moiety in solanine must have been
responsible for the observed characteristics since solanine like
other steroidal glycoalkaloids were reported to possess anti-
inflammatory, anticarcinogenic, and antimicrobial activities.>
It has been reported that most anti-inflammatory agents exert
their pharmacological potentials by inhibiting the enzyme
cyclooxygenase, which produces the hormone prostaglandins,
from inducing cytokines, which are usually released during
inflammation.”' Chitosan-loaded drugs and extracts must have
exerted their action similarly but the release pattern was
sustained release.

An ideal anticancer agent must be able to inhibit the growth
of cancer cells, prevent metastasis, and induce cellular
apoptosis.® In this study, nanoencapsulated drug and extracts
showed some levels of cytotoxicity against cancer cells (Table
4). For instance, chitosan-loaded doxorubicin (CDr4) has the
highest cytotoxic effects on breast cancer cell MCF-7 and
human vaginal melanoma cell HMVII with IC_ values of 0.02 +
0.01 pg/mL and 0.01 + 0.01 pg/mL, respectively and with a Sl of
greater than 100 against MCF-7 cell line. Likewise, cancer cells
exposed to CE3 treatment had IC_, values of 10.04 + 0.01 pg/
mL and 12.44 + 112 pg/mL against MCF-7 and HMVII cell lines,
respectively. In all treatments, there were greater synergistic
effects among these drugs and CSNPs. However, exposure
of cancer cells to solanine steroidal glycoalkaloid showed the
highest cytotoxic effects on MCF-7 and HMVII cancer cell lines
with IC_, values of 813 + 0.01 ug/mL (SI; 25.45) and 12.01 +
0.01 pg/mL, respectively. For effective cancer therapy, drug
agents must be able to initiate cellular apoptosis in cancer
cells, resulting in the death of cancer cells.®% The present
study revealed that chitosan loaded with solanine does not
result in elevated percentage apoptosis induction in all cancer
cell lines unlike other treatments where there was significant
rise in percentage apoptosis induction (Table 5). From the
study, cancer cells treated with chitosan-loaded doxorubicin
anticancer drug showed the highest percentage of apoptosis
induction. It was followed by cancer cells treated with solanine
unloaded into CSNPs. The significant reduction in apoptotic
effect of CS2 was not fully understood in this current study
but may be due to the presence of similar nitrogen atoms in
solanine and CSNPs that work in anti-synergism with each
other. However, this mechanism needs to be further studied
for a conclusive report. Also, in the transwell migration assay,
migration and invasion were greatly reduced in MCF-7 cancer
cells exposed to solanine alone than chitosan-loaded solanine
glycoalkaloid (CS2) at various concentrations (Figure 4). Our

study further revealed that MCF-7 breast cancer cells exposed
to solanine alone induced both early and late apoptosis with
minimal clear nuclei in concentration dependent fashion as seen
from the fluorescence images after 72 h (Figure 5). Chitosan
loaded solanine glycoalkaloid (CS2) does not induce significant
apoptosis. Moreover, exposure of MCF-7 breast cancer cells to
solanine alone results in an increase in caspase-3 activity from
400 to 1200 pg/mL concentrations.

It was suggested from previous studies that the toxicity
mechanism of solanine was due to chemical interactions within
mitochondrial complexes. This is because exposure of cancer
cells to solanine alone opens K* channel of mitochondria thereby
setting up membrane potential difference, which will in turn
force Ca® to be transported down the concentration gradient
into the mitochondria complexes. This elevated calcium ion
concentration created cellular damage and apoptosis of cells.>®
This claim was consistent with the role of solanine in the
current study. It has been reported that caspase-3 is important
for proper development of the brain as well as necessary for
other apoptotic processes in cancer cells.’*% Caspase-3 is
implicated in apoptosis and is very crucial for the condensation
of chromatin as well as fragmentation of DNA in many cells,
especially cancer cells. This elevated level of caspase-3
activity witnessed in this study from MCF-7 breast cancer cells
exposed to solanine alone was responsible for the observed
high percentage of apoptosis obtained from this study (Table
4). Furthermore, this study affirmed that solanine isolated from
S. scabrum leaf extract exerted cytotoxic effects on MCF-7 and
HMVII cancer cells by inducing early- and late-stage apoptosis
as well as necrosis.

CONCLUSION

Our studies showed that CSNPs loaded with S. scabrum extracts
possessed anti-inflammatory in carrageenan-induced paw
edema and anticancer activity against MCF-7 breast cancer
and HMVII human vaginal melanoma cell lines. However, the
study also revealed that the encapsulation of solanine into
CSNPs produced lower activities than when solanine was
used alone. It disclosed that the use of solanine alone reduced
percentage paw volume, decreased migration and invasion,
increased apoptosis, and elevated caspase-3 activity. Finally,
due to the reported toxicity of solanine, the concentration was
reduced in this study. It is suggested therefore that the lack
of synergistic effects between solanine and CSNPs should be
further investigated.
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Objectives: Various pure rosemary essential oil containing commercial products are in demand for their health-promoting and cosmetic claims in
Turkiye. Although they are natural and harmless, they should be in compliance with European Pharmacopoeia (EP) criteria. Therefore, in this study,
15 rosemary oil samples sold in pharmacies, herbal shops, and online platforms in Tirkiye were investigated in terms of “Rosemary Oil” EP 10.0.
monograph criteria. In the current study, we aimed to evaluate the current quality status of rosemary essential oils in the Turkish market.
Materials and Methods: Appearance, fatty oils and resinified essential oils, relative density, refractive index, optical rotation, and acid value tests
were performed according to EP 10.0 and compared with the given standards. In addition, thin layer chromatography (TLC) and gas chromatography-
mass spectrometry (GC-MS) analysis were conducted on all samples for advanced understanding of their phytochemical profile and harmony with
EP standards.

Results: Fifteen pure rosemary oil-containing products from the Turkish market were evaluated. All of the samples were licensed as cosmetic
products in Turkiye via the Ministry of Health. 831 to 96.9% of the ingredients of all samples were determined via GC-MS analysis. Results
demonstrated that none of the samples from the Turkish rosemary essential oil market fully complied with the EP rosemary oil monograph standards.
Conclusion: Considering our data, it was revealed that enhanced regulations and auditing mechanisms are needed to improve the quality of
products. When the difference between the sources of purchase is assessed, pharmacies are still better locations to obtain such products.
Keywords: Rosmarinus officinalis L., rosemary oil, European Pharmacopoeia, GC-MS, essential oil

INTRODUCTION and inflammatory diseases. In addition to crude herbal

With the increasing interest in natural-based therapies, use of
essential oils for medical and cosmetic purposes is accordingly
accumulating. Essential oils have various biological activities,
thus scientific studies investigating aromatherapy are growing!
Rosmarinus officinalis L. is a member of Lamiaceae family,
grown naturally and widely cultivated in the Mediterranean
region, particularly for culinary purposes. The aerial parts
have distinct characteristic fragrance and flavor.? In traditional
medicinal systems, aerial parts of R. officinalis are used as tea
or tinctures against gastrointestinal system (GIS) disorders

March 7, 8 2022, online 2" International Aegean Health Areas Symposium (IAHAS 22).

preparations, essential oil of R. officinalis has also significant
biological activities, thus, popularity of use in aromatherapy
is escalating.® Previous studies demonstrated that essential
oil of R. officinalis may be used against circulatory problems,
GIS disorders, muscular pain, and inflammations.* Reported
biological properties of the essential oil is attributed to several
ingredients, primarily monoterpenes, such as 18-cineole,
borneol, and limonene* Therefore, it is crucial to evaluate
the phytochemical profile of an essential oil before its use for
medical and cosmetic purposes.
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Pharmacopoeias are official publications that establish
necessary quality requirements for both synthetic and natural
based medical products aiming to promote and protect public
health. The Republic of Turkiye is legally bound (or responsible
or have to obey the rules of) to the European Pharmacopoeia
(EP), which contains more than 200 herbal drug monographs.
Products claiming to contain pure R. officinalis essential oil
are readily available in Turkish market and most of them are
licensed as cosmetic products via the Ministry of Health. It may
be beneficial to evaluate marketed products in terms of EP 10.0,
which is the most up to date version, for better understanding
the current situation of the essential oil market in terms of
quality that strongly affects public health. Yet, a literature
survey revealed that there is a lack of studies investigating
quality situation of R. officinalis products on the market based
on the rosemary oil monograph in the EP. For this reason, in
this study, 15 samples that were sold as pure rosemary oil were
investigated, 5 of them were purchased in pharmacies, while
10 of them were purchased from other sales channels such
as herbalists and online platforms. Relative density, refractive
index, optical rotation, and acid value of the samples were
calculated through assays given in pharmacopeia. Similarly,
appearance and thin layer chromatography (TLC) results were
visually investigated based on the given criteria. Furthermore,
chromatographic profiles of the samples are given in the
monograph for two different chemotypes of rosemary oil.
For determining the correspondence of the samples with the
monograph, gas chromatography-mass spectrometry (GC-
MS) analysis was conducted. Twelve different components
were given in the monograph for both chemotypes and with
different ranges. Results of GC-MS analysis were compared
and analyzed with the required ranges stated in the monograph.

In the current study, it was aimed to evaluate current quality
status of rosemary essential oils in the Turkish market
for creating a plain picture. It is an essential public health
requirement for products that claim to have health benefits to
contain the specified international standards.

MATERIALS AND METHODS

Materials

Products containing pure rosemary essential oil were procured
from herbalists, online shopping platforms, and pharmacies in
the Istanbul region. All products are registered as cosmetics
by the Turkish Ministry of Health. In addition, labels of all
oil samples claim to contain pure rosemary oil. Until the
experiments, products were maintained at room temperature
in tightly closed containers and protected from sunlight. All
products were coded indicating their source (P: pharmacy, A:
other sources). All standards and solvents (1,8-cineole, borneol,
bornyl acetate, hexane, toluene, ethyl acetate, etc.) were
purchased from Sigma-Aldrich.

Appearance, labelling, and fatty oils and resinified essential oils
All tests were applied as stated in EP with small modifications.®
All samples were dripped on the filter paper as a drop and the
filter paper was kept in an oven at 80 °C for 30 minutes for the

fatty oils and resinified essential oils tests. The samples were
filled in a glass tube and photographed for evaluation of their
appearance. Labels of the samples were checked for presence
of knowledge of chemotype.

Relative density, refractive index, optical rotation, and acid
value

Relative density, refractive index, optical rotation, and acid
value assays were conducted according to the methods given
in EP 10.0. Relative density results were evaluated using a
pycnometer and volume of the essential oil samples with
an equivalent volume of water at 20 °C was measured. For
refractive index analysis, Anton Paar-Abbemat 3100 device
and Anton Paar-MCP 150 device for optical rotation assay
were used. The acid values of the samples were determined by
the titrimetric method described in EP. All experiments were
conducted in triplicate and results were given with average and
standard deviation (SD).°

TLC analysis

TLC analyses were conducted according to indications given
in rosemary monograph in EP. Standards of borneol, bornyl
acetate, and cineole were dissolved in toluene and used as
reference solutions. 0.5 mL of samples were also dissolved
in same solvent as test solutions. Ethyl acetate and toluene
mixture (5:95, v/v) was used as mobile phase. Detections were
completed with vanillin reagent application and immediately
heating the plate in an oven at 100-105 °C for 10 min.®

GC-MS analysis

Qualitative and quantitative analyses were performed using
GC-MS. Agilent Technologies 7890 A GC system equipped with
a DP-5 MS column (30 m x 0.25 mm x 0.25 ym) was used.
The oven temperature was started at 60 °C and, then, steadily
increased to 246 °C with 3 °C increase per minute. Helium was
used as the mobile phase with 0.9 mL/min flow rate. Split mode
was used with 50:1 ratio with 1 pL sample volume. Relative
retention index (RRD was calculated via comparison with (C,-
C,,) standards. Identification of the essential oil components
was completed by comparison of their RRI calculated against
n-alkanes and relative retention times with those of authentic
samples and mass spectra obtained from NIST14 and Wiley7
mass spectra libraries as well as MS literature data was used
for the identification.®

RESULTS

Appearance, labelling, and fatty oils and resinified essential oils
EP 10.0 states that rosemary oil should be clear, mobile,
colorless or pale-yellow liquid with characteristic odor. EP
10.0 states that all of the rosemary oil samples should indicate
the chemotype of the ingredient on the labels. Conformance
of the samples to EP criteria is evaluated in Figure 1. Results
exhibited that appearance properties of all the samples were
compatible with EP; however, only samples P4 and P5 indicated
the chemotype of the oil in the label. Fatty oils and resinified
essential oils were conducted to reveal possible adulteration of
oils with non-volatile materials. After drying in the incubator,



BARAK et al. Quality Analysis of Marketed Rosemary QOils 255

Reference

Experiment P1 P2 P3 P4 P5 Al

interval

Fatty oils and resinified v
essential oils

Appearance v v

Relative density 0.895 - 0.920

Retractive index 1464 - 1.473 1473 1471 1.469
Optical rotation -5, 8

Acidity index Maximum 1

TLC

Labelling

Figure 1. General evaluation of EP tests

A2 A3 A4 A5 A6 A7 A8 A9 Al10

1473

1.466 1.467 1471

1

5.88 0.2 5.97

0.45

*Green boxes show suitability, red boxes are indicative of inconvinience with ranges indicated in EP

EP: European Pharmacopoeia, TLC: Thin layer chromatography

Figure 2. TLC chromatograms of all samples. R: Reference mixture; bornyl acetate, cineole, and borneol from top to bottom. Mobile phase; ethyl acetate:toluene

(5:95, v/v), TLC: Thin layer chromatography

P3, A1, A2, and A4 samples exhibited a remaining spot in
the filter paper, which indicates the presence of non-volatile
ingredients Figure 1.

Relative density, refractive index, optical rotation, and acid
value

The relative density, refractive index, optical rotation, and acid
value results of 15 essential oil samples are given in Table 1.
According to EP 10.0 standards, the relative density value for
rosemary oil should be between 0.895 and 0.920, 1.464 and
1.473 for refractive index, -5° and 8° for optical rotation, and the
acid value must be lower than 1.0. Compatibility of samples with
EP 10.0 standards was evaluated and summarized in Figure 1.

TLC analysis

According to EP 10.0, bornyl acetate should appear as a bluish-
gray zone of low intensity (top), cineole as an intense blue zone
(midline), and borneol as a violet-blue zone of medium intensity
(bottom). All of the samples were evaluated with TLC method;
the images of the plaques and coherence of all ingredients with
the monograph are given in Figures 1 and 2, respectively.

GC-MS analysis

EP 10.0 mentions two different chemotypes of rosemary oil.
Results of GC-MS analyses conducted on all samples are
given in Table 2, where 83.1 to 96.9% of the ingredients were
determined for all samples. Chromatograms that indicate
the ingredients specified in EP are given in Figure 3. GC-MS
results were evaluated in accordance with the most proximate
chemotype and coherence of all ingredients with the monograph
is given in Figure 4.

DISCUSSION

EP contains specific individual monographs for some essential
oils, which are widely used in pharmacy and have medicinal
or cosmetic utilization. Thus, it is crucial for a product that
contains pure essential oil to meet the criteria stated in
monographs to ensure its scientific basis for aforementioned
utilizations.” Importance of quality standards of herbal
products in the market is increasing because public attention
to complementary therapies and natural cosmetics is growing
and amplified competition between producers creates possible
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Components P1 P2 P3 P4 P5 Al A2

A3 A4 A5 A6 AT A8 A9 A10

a-Pinene 10.75  11.64 13.50 219

3.66

Camphene 51 5.88 5.53

B-Pinene 6.41 7

p-Myrcene
Limonene
1.8-Cineole
p-Cymene
Camphor

Bornyl acetate

a-Terpineol 25
Borneol 4.8
Verbenone 0.03

Figure 4. Comparison of GC-MS results with EP criteria

1n19

10.2

*Green boxes show suitability, red boxes are indicative of inconvinience with ranges indicated in EP

GC-MS: Gas chromatography-mass spectrometry, EP: European Pharmacopoeia

purchased and evaluated in terms of standards stated in EP
10.0 “rosemary oil” monograph. Before the pharmacopeia tests,
simple fatty oils and resinified essential oil tests were applied
to the products. Pure essential oils must be entirely composed
of volatile features; therefore, when they are dripped onto filter
paper and kept in an oven at high temperature, observing a
significant stain on the paper is unexpected. Evident remaining
stains may indicate a possible adulteration or a deficiency that
causes a decrease in quality in production procedure, hence it
is accepted as a parameter for this study. Results of the fatty
oils and resinified essential oils assay are given in Figure 1.
Four of the samples left clear stains in the filter paper (P3, Al,
A2, and A4), which indicate that non-volatile principles are
present in products and therefore failed to fulfill the parameter.
Characters section in the monograph requires specific
appearance and color for rosemary oil; clear, mobile colorless
or pale yellow liquid with characteristic odor. Results displayed
that all the samples were coherent with the properties stated
in the monograph. TLC assay is required in the monograph as
an identification test. Test solutions obtained from samples
must correspond with the reference solution on the TLC
plate according to monograph. TLC analysis was conducted
on all samples and pictures of TLC plates are given in Figure
2. Results of the TLC test indicate that all the samples from
pharmacies passed the test; in contrast, four of ten samples
obtained from sales sources other than pharmacies (A2, A3,
A7, and A8) failed to compensate for the TLC test requirements
stated in EP. In the tests section of the monograph, necessities
for refractive index, optical rotation, acid value, relative density,
and chromatographic profile were stated. Refractive index
can be defined as the ratio of the sine of the refraction angle,
when light is passing from different mediums and represents a
characteristic physical constant of an oil. Three decimals are
mandatory for the definitive result and for rosemary oil, while
the monograph indicates that the refractive index of rosemary

oil must be between 1.464 and 1.473. Refractive indices were
conducted on all samples as explained in the pharmacopeia in
triplicate and results of the average measurements and standard
deviations are given in Table 1. All samples from pharmacies
displayed refractive index in the accepted range; however,
three samples from other sources (Al, A4, and A9) were found
to be out of range. Optical rotation is the feature exhibited by
chiral substances rotating the linearly polarized light. In the
monograph, it was specified that, optical rotation value must be
between -5° and +8° for rosemary oil. In Table 1, average results
and standard deviations were given for optical rotation tests of
all samples. Results indicated that only one sample (P5) was
out of the range and all other samples fulfilled the requirements
of the pharmacopeia. Relative density and acid value tests
exhibited the most improper results amongst others. Relative
density can be defined as the relation between the mass of a
definite volume of the studied substance at 20 °C and the mass
of an equivalent volume of water at the identical temperature.
Pharmacopoeia stated the relative density range for rosemary
oil as 0.895 to 0.920 and only three of the studied samples (P3,
A6, and AB) were measured in the specified range. Acid value
(1) shows the amount of mg of KOH required to neutralize all
free acids in one gram of EO. For rosemary oil, /, is limited
to maximum 1. Parallel to relative density results, only three
samples calculated (P4, A5, and A10) were in acceptable range
after triple measurement.

Chromatographic profile can be considered as the most
important feature of essential oils since biological activities
occurring due to their volatile ingredients. Thus, their
phytochemical profile determines the bioactivity.* However,
some plant species are known for their rich chemotypes, which
lead to massive variations in their chemical ingredients. R.
officinalis is one of these species that has been detected for
several different chemotypes highly affected from geographical
impacts.®In relevant EP 10.0 monograph, there are two defined
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Table 2. Chemical composition of the tested samples

Components RI R, Identification P1 P2 P3 P4 P5 Al A2 A3 A4 A5 A6 AT A8 A9  A10

Monoterpene hydrocarbons

a-Pinene 932 63 abc 108 1.6 135 145 333 219 12 102 203 16 102 146 147 66 458
Camphene 949 6.8 b, c 51 59 37 55 42 31 31 63 33 49 52 53 88 23 304
p-Phellandrene 974 7.53 b, c 007 003 o017 132 113 003 - 0.04 0.03 182 018 200 - - -
p-Pinene 978 765 b, c 641 777 258 291 324 303 154 821 317 301 898 284 555 138 248
p-Myrcene 992 8.06 b, c 134 156 055 051 049 018 247 179 019 082 161 056 254 025 125
p-Cymene 1027 932 b, c 345 228 6.67 667 618 162 395 502 171 951 257 628 197 656 4.88
a-Phellandrene 1006  8.53 b, c 012 027 007 025 0.08 007 019 058 009 032 023 027 036 - 0.54
Limonene 1031 94 abc - - - - 691 304 317 - 299 1 - - - - 19.8
y-Terpinene 1059 1054  b.c 037 037 003 300 027 051 034 055 058 251 117 299 101 - 993
p-Ocimene 1048 1012 b, c 005 - - - - - - 0.02 - 0.01 006 - 006 - 0.60
3-Carene 102 1216 c 003 021 135 249 215 107 041 017 120 - - - - - -
Bornyl acetate 1288 2011  ab,c 192 122 200 320 218 112 226 162 122 401 18 313 259 531 183
Oxygenated monoterpenes

1.8-Cineole 1035 96 abc 334 37 243 226 134 95 447 362 93 48 351 239 311 215 84
Linalool 103 122 abc - - - - - - - - - 31 108 234 201 37 18
Fenchol meé  12.8 b, c 008 012 009 003 - 017 - - 021 004 0.04 006 005 0.04 0.08
Camphor 1146 1410 abc 156 163 109 28 21 150 549 175 138 370 121 386 152 462 184
Borneol 1163 14.73 abc 48 54 75 192 128 283 26 64 2716 191 41 179 38 253 24
4-Terpineol 179 1541 c - 03 - - - 07 08 - - - - 08 07 10 01
a-Terpineol 1194 1610 abc 25 24 33 67 45 163 24 29 164 1T 24 64 18 92 39
Sesquiterpene hydrocarbons

Verbenone 1302 2073  bc 003 004 029 004 027 - - - - 007 - - - 021 -
Caryophyllene 1420 25.68 b, c 52 08 30 17 08 05 101 10 06 21 60 19 36 12 28
Humulene 1454 2705 b.c 055 011 080 - - 006 163 010 007 0.02 064 0.04 041 013 004
7-Muurolene 1486 2837 b.c 041 009 005 - - - 025 0.05 - - 028 - 015 - -
a-Muurolene 1500 2893  b,c 012 - 0.04 - - - - - - - 0.09 - - - -
Oxygenated sesquiterpenes

a-Copaene 1376 2383 b.c 052 007 - - - - 022 0.05 - 0.04 042 - 024 - -
p-Copaene 1429 2605 ¢ 010 - - - - - - - - - 0.08 - 0.04 - -
gfirdye"phy'e”e 1584 3216  bc 045 - 219 - 024 - 04T - - 0T 03 01 01 144 -
Others

3-Octanone 985 7857 ¢ 0.06 - 0.06 - - - - - - - 0.06 - 003 - -
Ylangene 1372 23667 ¢ 014 005 026 - - - - - - - 012 - 008 - -
a-Guaiene 1487 28385 ¢ 0.04 007 - - - 0.04 - - - - - - - - -
Isoledene 1499 28854 ¢ 014 039 - - - - - 0.07 - - 012 - 006 - -
Total (%) 831 891 833 936 941 928 973 987 903 904 949 952 969 90.6 868

a: ldentification based on comparison of retention time with standard compounds, b: Identification based on retention index; c: Identification based on library, Rl: Retention index, Rt: Retention
time
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chemotypes, which are recorded as Spainsh and Moroccon/
Tunisian types. It is also crucial for producer to indicate the
chemotye on the label so it is possible for consumers and
healthcare professionals to select the product accordingly. As a
result, in the monograph labeling is a necessity for rosemary oil.
Nevertheless, only two of the evaluated products (P4 and P5)
contain a label that indicates the chemotype of the ingredient
(Figure 1. Inthe monograph, chromatographic profile diversifies
according to the chemotype (i.e. Spanish type contains a lower
amount of cineole and higher amount of camphor). For this
study, chromatographic profiles were analyzed with a GC-
MS method and results were evaluated according to the most
consistent chemotype, which is proximate to the products that
contain labels that do not remark the chemotype. There are 12
monoterpenoid compounds that were mentioned and indicated
as a requirement in the pharmacopeia for the Spanish type.
a-Pinene and cineole are determined as major components
with the range of 18-26% and 16-25%, respectively. For
the Moroccon/Tunisian type, cineole is determined as the
dominant major ingredient in the range between 38 and 55%,
while a-pinene content was determined between 9 and 14%.
However, chemotype information was mentioned only two of
the samples, whereas other samples were evaluated according
to most proximate one in the pharmacopeia. All 15 samples were
analyzed with GC-MS method and results are given in Table
2. GC-MS results were also compared with the monograph
and results are given in Figure 4. None of the samples was
entirely fitting with the monograph requirements. A6 was
determined as the most coherent sample with GC profile given
in monograph for Moroccon/Tunisian type, 9 of the ingredients
out of 12 requirements for these samples were consistent with
the monograph.

Cineole content of A6 sample is slightly lower than expected,
while p-cymene content is slightly higher. However, limonene
is absent in the oil, which is required to contain a minimum
of 1.5% according to EP.5 Limonene is known for its various
beneficial bioactivities such as antioxidant, anti-inflammatory,
and gastroprotective effects.!® Absence of limonene may reduce
possible health benefits of R. officinalis essential oil. A2 followed
A6 with 8 positive results and P1, P2, and A8 were measured
with 7 positive results. Limonene content is suitable for A2,
however it is also absent in P1, P2, and A8 samples. For A2
samples there are slight differences for f-pinene, -myrcene,
p-cymene, and bornyl acetate. In contrast, A9 was designated
as most out of spec sample consistent with only one ingredient
of the GC profile requirements. It is followed by P4 and A7,
which are congruent with only two components (Figure 3).
Cineole is the major ingredient of both chemotypes; however,
only A2 sample was measured to contain sufficient cineole to
meet the criteria of Moroccon/Tunusian type with 44.7%, all
other samples had cineole content between 8.4 and 36.2%.
Previous studies also reported a great variation. For instance,
Ozcan and Chalcha' calculated cineole content of R. officialis
essential oil from Tirkiye as 2.64%, while Daferera et all”
found that 88.9% of the rosemary oil from Greece was cineole.
a-pinene is another major ingredient of rosemary oil according

to monograph. Results of the GC-MS analysis similarly
demonstrated that a-pinene contents of the samples are highly
varied, between 4.58-33.3%. Previous literature exhibited
considerable diversion between a-pinene content of different
rosemary oil samples. Sharma et al’® calculated a-pinene
content of French rosemary oil as 37.5%, while Tunisian
counterpart only had 1.2%.” Even though there is a significant
variation between samples, 10 of 15 were concordant with
the pharmacopeia criteria. Limonene contents of the samples
were most out of reach parameter, only 3 of the samples fitted
with EP requirement; Spanish and Moroccon/Tunisian types
need to be 2.5-5% and 1.5-4%, respectively. Results showed
that 9 of the samples do not contain limonene at all, while 3
of the samples contain greater than the upper limit. A1, A2,
and A4-coded samples were found convenient with limits, 3,
317, and 2.99%, respectively. Variations in limonene contents
were also suitable with previous results since Sharma et al.®
measured limonene content of French and Italian rosemary oils
as 5.35 and 3.06%, respectively. However, some researchers
determined absence of limonene in rosemary oil samples from
different locations.®"”

Study limitations

Although there are many more commercial products of
rosemary essential oil in the Turkish market, 15 samples were
studied to have adequate number. Even more accurate results
could be achieved, if all relevant products on the market were
studied.

CONCLUSION

Essential oils are marketed with notable health-promoting
statements. Amongst, rosemary oil is also claimed to have
health and cosmetic benefits and sold without any control and
restriction in several channels such as herbalists, websites, and
pharmacies. Any product claiming any health benefits should
meet the criteria of EP monograph, even if they are synthetic
medicines, natural products, excipients in medicines or essential
oils. Basic mission of any pharmacopeia is to prevent health
hazards due to lack of quality of products. For these reasons, it
is important to assess the quality of the rosemary oil-containing
products in the market to determine the current status and level
of quality of commercial products in the market. In this study,
15 products from the Turkish market were evaluated according
to EP 10.0 and results revealed that none of the samples was
in full compliance with the monograph. When the compliance
rate was compared with purchase location, products from
pharmacies were found to be slightly better than those from
other sales channels. Ultimately, it was clearly revealed that
quality standards or rosemary essential oils in the Turkish
market need to be increased. Higher demands and improved
auditing mechanisms from public authorities should be the
initial step for increasing the quality of products.
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Formulation, Characterization, and Optimization
of a Topical Gel Containing Tranexamic Acid to
Prevent Superficial Bleeding: /n Vivo and In Vitro
Evaluations

©® Farideh SHIEHZADEH!, ® Daryosh MOHEBI', ® Omid CHAVOSHIAN2*, ® Sara DANESHMAND**

1Zabol University of Medical Sciences, Faculty of Pharmacy, Department of Pharmaceutics, Zabol, Iran
2Mashhad University of Medical Sciences, Pharmaceutical Technology Institute, Nanotechnology Research Center, Mashhad, Iran

ABSTRAC T |

Objectives: Tranexamic acid (TXA) is used systemically to stop bleeding, but it can lead to thromboembolism. Trials have revealed the efficacy of
topical TXA on local hemorrhages. However, there is a need for an efficient delivery system that can keep the drug at the site of action.

Materials and Methods: To develop a gel containing TXA (3%) optimized in terms of viscosity and dispersibility, the central composite design based
on two factors-three levels [carbopol 940 and hydroxypropyl methylcellulose (HPMC), 1-1.5% and 1-2%, respectively] was applied. The spreadability
and viscosity were assessed using glass slide and rheometer, respectively. To confirm the compatibility of TXA with the gel, fourier transform-
infrared (FTIR) spectroscopy was performed. Drug content uniformity was analyzed by a spectroscopy method. An ex vivo mice model using Franz
cells was applied to evaluate the permeation of TXA through the skin. To investigate the effect of topical TXA gel on bleeding time, IVY human
method was performed.

Results: HPMC/carbopol 940 (1:1, w/w) gel showed the highest quality in terms of viscosity and dispersibility (3.982 + 17.6 and 6.052 + 3.562,
respectively). FTIR absorption spectrum showed that all the TXA index peaks appeared without displacement. The complete-encapsulated TXA
content was uniformly dispersed throughout the gel. In vitro TXA cumulative release reached 90% in 4 h. The bleeding time determined in vivo for
TXA gel was significantly lower than that for TXA solution and control.

Conclusion: The results confirm the importance of further studies on this formulation as a potential medication to stop acute superficial bleeding.
Key words: Tranexamic acid, hydroxypropyl methylcellulose, gel

INTRODUCTION

In recent years, due to the difficulty, significant costs, and slow
pace of discovery and development of new active ingredients,
a major part of pharmaceutical science has focused on
repositioning or in other words repurposing Food and Drug
Administration (FDA)-approved drugs for human use to treat
diseases.! One type of repositioning is to replace systemically

administered formulations with topical ones to cure local
pathologic conditions. If this formulation can display acceptable
effects on the site of action, while carrying fewer risks than
systemic administration due to reduced systemic exposure to
the drug, it could find a new position in the treatment schedule.?

Tranexamic acid (TXA) was one of these studied medicines.
It has a structure similar to amino acid lysine and inhibits
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bleeding by fibrinolysis inhibition mechanism. This drug is
used systemically to stop various types of bleedings, but its
systemic use can lead to risks such as thromboembolism
and etc3 The topical anti-inflammatory and anti-melanin-
producing properties of tranexamic acid have led it to be
extensively considered and commercially available in the field
of dermatology as an off-label topical treatment for rosacea,
urticaria, and post-inflammatory hyperpigmentation. However,
randomized controlled trials have shown the positive effects
of TXA topical administration on local hemorrhages, including
post-surgery or traumatic mucosal (e.g. epistaxis) or cutaneous
hemorrhages.>®

In these studies, TXA solution is often used, and sterile gauze is
impregnated by it and placed at the site of bleeding.” However,
there is still a need for a safer and more efficient drug delivery
system than the method used, which can keep the drug at
the site of action for a certain period and help it to be better
absorbed.

Recently, in some studies, nasal spray formulations containing
TXA in the form of powder mixed with hyaluronic acid® or in
situ gel forming chitosan® have been considered for epistaxis
treatment.

Gels composed of polymers such as poly (acrylic acid)
(Carbopol®) and cellulose derivatives are one of suitable bases
for prolonged delivery of water-soluble drugs to the dermal and
mucosal areas, and their effectiveness for this purpose has
been proven in the previous studies.”

Therefore, in this study, using the response surface method
(RSM), an ideal carbopol 940/hydroxypropyl methylcellulose
(HPMC) gel formulation containing TXA 3% was developed
in terms of appearance, spreadability, and acidity. Then the
uniformity of drug loading, interactions with, and release from
the gel base in ex vivo environment was evaluated. Finally, in
vitro efficacy of the formulation was evaluated by examining
bleeding time in healthy volunteers.

To the best of our knowledge, this is the first HPMC/carbopol-
based gel formulation containing TXA developed for topical
application as anticoagulant agent, while in vitro/in vivo
assessments were performed.

MATERIALS AND METHODS

Materials

TXA, Carbopol® 940, HPMC, ninhydrin, and triethanolamine
were purchased from Sigma Aldrich (Germany). Deionized
distilled water was freshly prepared. In this study, all solvents
and chemicals were of analytical grade.

Methods

Preparation of TXA containing carbopol 940/HPMC gel
formulation

To achieve the topical drug-loaded gel formulation, an aqueous
solution of carbopol 940 and HPMC with known concentration
of each polymer (Table 1) was prepared by dissolving the
polymers powder in 100 mL of deionized distilled water under
1100 rpm stirring for 2 hours at room temperature (RT) to

completely dissolve and hydrate. A constant volume (0.23 mL) of
triethanolamine aqueous solution was then slowly added, while
stirring continued. Following the gel base formation, 3% (w/w)
of TXA was added and the gel formulation was stirred at 200
rpm overnight to load the drug efficiently. Finally, the volume
of final gel formulation was brought up to 100 mL by deionized
distilled water. Prepared gel formulations were preserved from
air and direct light in sealed amber glass containers and kept at
4 °C before further analysis."

Optimization of the carbopol/HPMC gel formulation by central
composite design (CCD)

To develop an optimized gel base in terms of viscosity and
dispersibility, CCD-based on two factors-three levels using
Design Expert® software (version: DX7 tria) was applied.
Carbopol 940 and HPMC concentrations were considered as
independent variables while keeping triethanolamine volume
constant (0.23 mL). The influence of independent factors on
Y1 (spreadability) and Y2 (viscosity) as dependent variables
was evaluated by RSM. By analyzing the obtained data, the
formulation showing ideal spreadability and viscosity was
chosen for further evaluation.

Rheological evaluations

Spreadability

The investigation of spreadability potential of the prepared gels
was performed on the basis of a published study" with some
slight modifications.

In this method, 2 g of gel was placed on a standard glass slide
in the center between two lines with a distance of 4 cm. Then,
the second glass slide weighing 110 g was gently placed on
the gel. The dispersion time was calculated from the moment
the second glass slide was placed until the gel was completely
dispersed between the two lines. The experiment was repeated
three times, and the meantime was calculated. The following
equation (Equation 1) was used to calculate the dispersibility:

S=m x |/t (Equation 1)

Where, S= spreadability, m= weight of the upper slide (110 g),
|- the distance of two lines (4 cm), t- time is taken in sec.

Viscosity

Viscosity of the prepared gel formulations was measured using
a rheometer (AMETEK Brookfield R/S plus, USA) using a CC3-
14 spindle. While the sample holder was filled with the gel, the
spindle was inserted into the sample and rotated at a speed of
1/min. Rheological evaluations were performed at RT (n: 3).2

pH evaluation

To ensure acidity of the gel bases place in the standard range of
45-55,1g of each gel was diluted in 100 mL of double distilled
water, and pH of the prepared solution was assessed using a
calibrated pHmeter at RT (827 PH Lab, Metrohm, Switzerland).

Visual inspection

To evaluate the relative apparent transparency, suspended
particles, and uniformity of the gel structures as a common
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method of gel base quality control, each gel base was
visually inspected by the naked eye using an illuminated dark
background.

To assess the physical stability of the gel after 6 months of
preparation, all the above items and pH were re-examined in the
final optimized gel. The gel was preserved in an opaque sealed
bottle at ambient temperature.

Fourier transform-infrared spectroscopy (FTIR)

FTIR spectroscopy was performed to confirm the compatibility
of the active ingredient with the gel base chemical structure.
Carbopol/HPMC (1:1 w/w) gel (run 13), TXA 3%-containing
HPMC/carbopol 940 (1:1 w/w) gel, and TXA powder were
analyzed by FTIR spectroscopy (IRAffinity SHIMADZU, Japan)
to clarify the molecular interactions. Each sample was prepared
as individual KBr disk and was scanned in the range of 400-
4000 cm™.

The TXA quantification method

To 1 mL of different dilutions of the drug solution (10-100
pg/mbL), 1 mL of phosphate buffer (pH: 8) and 2 mL of the
methanolic solution of 0.2% ninhydrin as the reagent were
added (derivatization process). The samples were then heated
with liquid paraffin oil at 90 °C for 20 min. After cooling to RT
using 10 mL of double distilled water, the samples were brought
to a volume of 10 mL. Finally, using an ultraviolet/visible
spectrophotometer (CE1021, CECIL, England) the absorbance
of the samples was read against a blank solution at 565 nm.”?

Drug encapsulation efficiency (EE) of gel preparation

To measure the drug EE, 1 g of gel formulation was carefully
weighed using deionized distilled water made up to 100 mL.
Then, following the dilution up to 1:5 and filtration with a 0.45
pm filter, the derivatization process was performed according
to standard samples (mentioned earlier) and its absorption
was read against a blank at 565 nm (n: 3). EE percentage was
calculated using the following equation (Equation 2):

EE% = 100 x (detected drug content in gel)/ (primary drug content
added into the gel (Equation 2)

TXA content uniformity of gel formulation

To check the uniformity of the content of the gel formulation, 72
hours after preparation, samples were taken from five different
points of HPMC/carbopol 940 (1:1, w/w) gel and the amount of
drug was determined according to the quantification method.

Ex vivo permeation study

An ex vivo animal model evaluating permeation of TXA through
natural skin following topical application of the prepared
gel formulation (run 13) using Franz cells was applied. All
experiments were performed according to the Ethics Committee
Acts (approval code: IR.ZBMU.REC.1397.085, date: 20.11.2018)
of Zabol University of Medical Sciences, Iran and complied with
the ARRIVE guidelines and in accordance with the guide for the
care and use of laboratory animals proposed by the National
Institutes of Health (NIH).

Skin preparation

To obtain a suitable skin to cover each Franze cell, the shaved
abdominal BALB/c mice skin was excited under systemic
ether-induced anesthesia. The subcutaneous appendixes were
eliminated from the skin by soaking the dermal side in normal
saline for 1 h.

Process of the release test

Each donor compartment was covered by 16 cm? skin for
the dermal side faced the receiver compartment. This later
compartment was filled with well-stirred 29 mL phosphate
buffer pH 7.4 and the entire system was circulated by a 37 °C
water jacket.

Drug-loaded gel formulation and respective blank gel bases
were applied on the skins of separated cells, while control cell
remained untreated. The donor compartment was sealed by
parafilm during the process. The samples were taken from the
receiver compartment at 0.5, 1, 2, 4, and 5 h and replaced with
the fresh PBS, which had been maintained at 37 °C. Finally,
the drug content of each sample was analyzed using the
aforementioned spectrophotometric method and the release
profile was determined in terms of the cumulative release
percentage of TXA (n: 3).°

In vivo bleeding time assessment

The time taken for a standard small wound to heal is called
bleeding time. To investigate the effect of topical TXA gel on
bleeding time compared with TXA topical solution, a known
in vivo assessment called IVY method was performed on 10
healthy men aged 25 to 45 years on the same health conditions.
All experiments were performed according to the Ethics
Committee Acts (approval code: IR.ZBMU.REC.1397.085) of
Zabol University of Medical Sciences, Iran.

The intervention process

Control and treatment interventions were applied to the same
volunteers at a sufficiently separated period. In the control
group, no treatment was applied, while for the topical gel group,
TXA 3%-containing HPMC/carbopol 940 (1:1 w/w) gel and for
the solution group, a TXA 3% aqueous solution (a gas was
soaked by and placed on the site of the action) was topically
applied on the volar aspect of the arm.

IVY procedure

After 5 h of applying the topical interventions, a cuff was
inflated on the upper arm to 40 mmHg. Three stab wounds (3
mm deep) were made using a sterile lancet on the volar aspect
of the forearm. The blood was removed every 30 seconds by
filter paper untill no blood residue remained on the filter paper.
The times were recorded and the average time of the 3 incisions
was reported. The statistical analysis was done to clarify the
significance of treatment influence on reducing bleeding time®

Statistical analysis

Data are presented as mean + standard deviation. The statistical
analysis was performed using Prism 6.0 software. Statistical
significance was evaluated by one-way ANOVA followed by
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Tukey-Kramer as a post hoc-test. A p value equal to or less than
0.05 was considered statistically significant. RSM was used to
optimize the formulations via Design-Expert software (version:
DXT7Trial).

RESULTS AND DISCUSSION

Gel formulation design

Due to the increasing need for efficient drug formulations
and the cost-effectiveness of changing and optimizing the
formulations of drugs available in the pharmaceutical market
instead of discovering new drugs, in the present study, a new
topical gel formulation of TXA was developed.

To best of our knowledge, this is the first study on topical TXA
gel formulation to prevent superficial dermal and mucosal
bleeding. Topical TXA formulations have been previously
developed to treat melasma.”

In a limited number of studies, nasal spray powder formulations
containing TXA mixed with hyaluronic acid or in situ gel forming
chitosan have been considered for epistaxis treatment. While
they have shown promising in vitro results, extensive in vivo
and human assessments are still lacking.8®

Based on previous studies,® carbopol 940 (as the gelling
agent) in combination with HPMC (as a viscosity enhancer)
were considered to form the gel matrix. The formulations were
prepared using various concentrations of carbopol 940 and
HPMC.

The formulation was first designed using experimental design
method. RSM based on CCD was used to evaluate and optimize
the effect of carbopol 940 and HPMC concentrations as
independent variables onviscosity and spreadability as response
functions. According to the literature, the concentration ranges

of 1-1.5% and 1-2% were considered for carbopol 940 and
HPMC, respectively. Experiments (13 in total) designed by the
software are presented in Table 1.

In this study, 5 runs (runs 2, 3, 5, 6, and 12) were carried out
as center points. The experiment runs, in which repetitions in
the independent parameters occurred, are center points. The
values of each factor are the medians of the values used in
the factorial portion. These points are replicated to improve the
precision of the experiment.”

Rheological characterizations

Due to the importance of viscosity of topical pharmaceutical
products in their ease of use and patient compliance (difficulty
of handling, application, and delayed drug release in case of
high viscosity and quick removal from the application site in
case of low viscosity) the viscosity of the gel should be within
the appropriate range. In previous studies, viscosities lower
than 4000 centipoises (Cps) have been considered suitable
for topical gel products!® As can be seen in Table 1, only the
viscosities of runs 8 and 13 showed viscosities lower than the
upper limit, while they were not too low.

According to the three-dimensional plot obtained from the
data analysis (Figure 1) by Design-Expert software, viscosity
change is proportional to the concentration of polymers used,
which has also been reported in previous studies.*?

A similar pattern can be seen between the dispersibility factor
of gels and the concentration of polymers used in their matrix
(Figure 2), which is consistent with previous studies.?

In the dispersibility calculation, weight and distance parameters
are constant, so, the quicker the gel dispersion at the
specified distance takes place, the better the dispersibility and
consequently the higher the quality of the gel would obtain.

Table 1. Independent variables (carbopol 940 and HPMC concentrations) and their respective responses (viscosity and spreadibility)

for different runs of carbopol 940/HPMC gel preparation containing tranexamic acid 3%, (mean + SD, n: 3)

Run Factor 1 carbopol 940 (%, w/w) Factor 2 HPMC (%, w/w) Response 1 viscosity Cps Response 2 spreadability g.cm/sec

1 1.00 2.00 4.800 + 6.341 10 + 2.946

2 1.25 1.50 4305 +7.253 11.28 + 2.203
3 1.25 1.50 4.289 + 6.579 11.89 + 3.018
4 1.25 2.00 4.965 + 6.922 9.77 + 2.839

5 1.25 1.50 4.350 + 7.417 11.57 + 2.582
6 1.25 1.50 4.245 + 7.883 11.89 + 2.290
7 150 2.00 4.980 + 7.421 8.98 + 2.713

8 1.25 1.00 3.836 + 7.585 16.92 + 3.374
9 1.00 1.50 4.040 + 8.257 1419 + 3.596
10 1.50 1.00 4100 + 7.433 1517 + 2.924
1 1.50 1.50 4.270 £ 7.269 10.73 + 2.561
12 1.25 1.50 4136 + 6.970 11.28 + 3.459
13 1.00 1.00 3.562 + 6.052 17.6 + 3.982

HPMC: Hydroxypropy!l methylcellulose, SD: Standard deviation, Cps: Centipoise
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Based on this, run 13 [HPMC/carbopol 940 (1:1, w/w)] gel has
shown the highest quality in terms of dispersibility of the gel.

The statistical studies revealed that the change in the
concentration of HPMC had a more significant effect on the
viscosity than the change in the concentration of carbopol 940.
In general, the variation in the concentration of the polymers
had a more significant effect on the viscosity than on the
spreadability.

The results disclosed that the gel prepared in run 13 possessed
the optimized viscosity and dispersibility, 3.982 + 17.6 and 6.052
+ 3.562, respectively (Table 1). This was designed by Design-
Expert software with 0.981 desirability.

The gel composition predicted by mathematical model was
prepared in triplicate to validate the prediction. The predicted
theoretical values were very close to the responses produced
by the experiments, indicating that the experimental design
employed in the current study was robust (Table 2).

Visual inspection and determination of pH

The above factors were considered determining responses
to choose the ideal formulation. However, due to easiness of
evaluating the apparent clarity and acidity and their important
role in the apparent quality of the gel, these two parameters
were also analyzed for all the runs.

Uniformity, transparency, and being free of suspended particles
determine the obvious quality of topical gels. The relative clarity
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Figure 1. 3D response surface plot showing the influence of HPMC and
carbopol 940 concentrations on tranexamic acid 3% gels viscositiy

HPMC: Hydroxypropyl methylcellulose

Table 2. Comparison between predicted and experimental

values in the formulation prepared under predicted optimum
conditions

Response Experimental Predicted % Bias*
values values

Viscosity

(Cps) 3562 3607.85 1.271

Spreadability

(g.cm/sec) 7.6 18.15 3.04

*% Bias: (predicted value-experimental value)/predicted value 100, Cps:
Centipoise

of the prepared gel formulations was visually inspected. Out of
13 runs, gelsof runs 1, 2, 3, 4, 5, 6, 10, 12, and 13 showed higher
transparency than the rest. Run 13 gel is presented in Figure 3.

Another factor to consider when preparing topical gel products
is their acidity. If that exceeds the normal pH of the skin (4.1-
5.8) and mucosal membrane (5.5-6.5), it will lead to local
irritation. In addition, extreme pHs can cause gel formulation
instability.?? Investigations showed that the prepared gels were
in this acidity range, Table 3.

Finally, according to the data analysis performed using Design-
Expert software, the formulation of run 13 [HPMC/carbopol
940 (1:1, w/w)] was considered the best gel formulation both
in terms of viscosity and dispersibility and was subjected to
further analysis.
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Figure 2. 3D response surface plot showing the influence of HPMC and
carbopol 940 on tranexamic acid 3% gels spreadibility

HPMC: Hydroxypropyl methylcellulose

Table 3. Acidity of the carbopol 940/HPMC gels containing

tranexamic acid (3%) prepared based on response surface
method, runs 1-13 (mean % SD, n: 3)

Run pH

1 5.42 £1.231

2 5.44 £ 2.455
3 5.45 +1.783
4 5.41 + 2.359
5 5.43 + 1.561

6 5.46 +2.213
7 5.30 + 1.954
8 532 +2323
9 5.46 + 2.586
10 5.40 £ 1.440
1 537 £ 1575

12 54T £ 2.691
13 539 +1.876

HPMC: Hydroxypropy! methylcellulose, SD: Standard deviation
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The visual inspection and pH determination of optimized gel
(run 13) 6 months after preparation showed no significant
change indicating desirable stability in storage conditions.

FTIR spectroscopy

The possible interactions among polymers and active ingredients
were investigated by FTIR spectroscopy. The IR spectra of pure
TXA (Figure 4) showed the distinguished, strong, wide bands
of carbonyl stretch (C=0) and the O-H stretch of the carboxylic
acid at 1543 cm™ and 3200-2500 cm™ respectively. CH2-N and
NH stretch appeared at 1396 cm™ and 1533 cm, respectively.
In the IR spectrum of carbopol 940/HPMC gel (Figure 5), C-O
of secondary alcohol stretch is recognized at 1100 cm™. CH,
presented a stretch peak at 1381 cm™ and the broad absorptive
peak fell in 3250-3000 cm”, which was attributed to O-H
stretch.

Figure 3. Carbopol 940/HPMC (1:1, w/w) gel

IR absorption spectrum of TXA (3%)-containing carbopol 940/
HPMC (1:1, w/w) gel (Figure 6) exhibited that all of the drug
index peaks discussed earlier appeared without displacement.
This indicates that the drug did not chemically interfere with the
structure of gel and could be entirely released once applied.? It
also indicated that the gel base functional groups were free to
establish electrostatic bands with the site of action and show
mucoadhesive characteristics.?

Drug content uniformity

Resistance to phase separation is one of the important features
of ideal pharmaceutical gels. Phase separation in addition to
the obvious quality of the gel will change the consistency of
the drug throughout the gel. Therefore, to evaluate the content
uniformity of the TXA (3%)-containing carbopol 940/HPMC (1:1,
w/w) gel, 5 different samples were taken from different parts
of the gel and TXA content was quantified. The obtained results
indicated that the TXA content of all the samples falls into the
range of 97.3-102.6% (Table 4) of the expected drug content,
which implied drug content uniformity and phase consistency
of the gel.??

Table 4. Percentage of tranexamic acid content measured in 5

different zones of tranexamic acid (3%)-containing carbopol
940/HPMC (1:1, w/w) gel, run 13, (mean * SD, n: 3)

Drug content %

1 97.324 + 2.237
2 98.394 + 2.668
3 99158 + 2.924
4 101.6 + 3.421

5 102.675 + 2.806

HPMC: Hydroxypropy!l methylcellulose, SD: Standard deviation
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Ex vivo permeation study

Inorder to evaluate the release of TXA from TXA (3%)-containing
carbopol 940/HPMC (1:1, w/w) gel and its permeation through
the skin, Franz cells covered by animal skin were used. This
method was used to correlate an in vitro environment with an in
vivo environment. With all their limitations and sometimes poor
correlation to in vivo results, in vitro permeation experiments
and animal models still provide important options for evaluating
drug delivery systems.?®> The plot of cumulative drug release
within 5 h is presented in Figure 7. As can be seen, the drug
was released and penetrated through the skin model uniformly
and cumulative release reached 90% in 4 h and 97% in 5 h.
This indicates ability of the gel to completely release the drug

3743.02 =

3163.26 =
296430 ™

400C 3750 350C 325¢ 300C 275¢C 2500

2345.44

and let it permeate through the skin in relatively short time,
when applied topically. This result is in correlation with the
FTIR absorptive spectrum, which showed no strong interaction
between TXA and the gel base, which led to complete drug
release.

Bleeding time assessment

In this study, we focused on the preparation of topical
formulations containing TXA, an anticoagulant medicine. In
order to check its efficiency in stopping bleeding, a common fast
screening method without the need for paraclinical evaluation
called IVY method' was used to evaluate the efficacy of topical
TXA (3%)-containing carbopol 940/HPMC (1:1, w/w) gel on
reducing the bleeding time in healthy volunteer individuals.
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The process of coagulation has different stages and different
methods have been developed to evaluate the status of each
of these stages in hemostasis. The choice of each of these
methods to evaluate blood coagulation depends on various
factors, including the mechanism considered in the coagulation
process, the speed of operation, and the cost. IVY method has
been widely used to evaluate coagulation status and platelet
function in various conditions such as pathologic conditions,
drug-induced or presurgery evaluations. Although more
sophisticated and accurate tests have been applied for this
purpose recently, the bleeding time test is still used both in
animal studies and in human studies, especially in the early
stages of evaluation.?

Based on the bleeding times of groups presented in Figure 8,
bleeding time in the control group was significantly higher than
the other two groups (p<0.001). Similarly, bleeding time in the
TXA solution treated group was significantly higher than in the

100+

%Release

Time (hour)

Figure 7. Plot of cumulative tranexamic acid release percentage from
tranexamic acid 3%-containing carbopol 940/HPMC (1:1, w/w) gel within
5 hours evaluated by an ex vivo permeation study using Franz cell (mean
+SD, n: 3)

HPMC: Hydroxypropy! methylcellulose, SD: Standard deviation

61 ek - I

B3 Control
BER Gel-TXA
E Solu-TXA

Bleeding Time(min)

Figure 8. Bleeding time (minutes) measured in healthy volunteers receiving
control, tranexamic acid (3%)-containing carbopol 940/ HPMC (1:1 w/w)
gel and topical aqueous tranexamic acid solution, *p<0.05 and ***p<0.001,
(mean + SD, n: 3)

HPMC: Hydroxypropyl methylcellulose, SD: Standard deviation

TXA gel group (p<0.05). All subjects even in the TXA gel-treated
group displayed normal bleeding times (4-10 minutes).?

The results can be explained by the ability of the gel to remain in
the site of application and complete release of the drug, which
led to higher efficacy in reducing bleeding time compared with
the free drug solution. This result has been in line with other
studies on topical gels containing anticoagulants in reducing
bleeding time in animal models.?®

The absence of abnormal bleeding time in all three groups
indicates the safety of topical use of TXA and topical products
containing it. Meanwhile, the decrease in the bleeding time
of the gel group compared to the soluble drug indicates the
short-term and transient effects of this drug in reducing the
bleeding time, which can find its place in cases such as acute
nosebleeds.?

Study limitations
In this study, the impact of topical use of TXA gel on plasma
coagulation factors has not been evaluated.

CONCLUSION

In this study, an optimal carbopol 940/HPMC gel formulation
containing TXA (3%) was designed and fabricated using the
experimental design method. /n vitro studies showed desirable
physical quality of this gel and non-chemical interactions with
the loaded drug. In the ex vivo permeation test, it was shown
that the gel was capable to completely release its loaded drug
and drug permeate through the skin within 5 h. The results of
in vitro evaluation of the gel on reducing bleeding time led to
promising results that could confirm the importance of further
studies on this formulation as a potential medication to stop
acute superficial bleeding.
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ABSTRACT

The present study aimed to establish significant and validated quantitative structure-activity relationship (QSAR) models for histone deacetylase
(HDAC) inhibitors and correlate their physicochemical, steric, and electrostatic properties with their anticancer activity. We have selected a dataset
from earlier research findings. The target and ligand molecules were procured from recognized databases and incorporated into pivotal findings
such as molecular docking (XP glide), e-pharmacophore study and 3D QSAR model designing study (phase). Docking revealed molecule 39 with
better docking score and well binding contact with the protein. 3D QSAR analysis, which was performed for partial least squares factor 5 reported
good 0.9877 and 0.7142 as R2 and Q2 values and low standard of deviation: 0.1049 for hypothesis AADRR.139. Based on the computational outcome,
it has been concluded that molecule 39 is an effective and relevant candidate for inhibition of HDAC activity. Moreover, these computational
approaches motivate to discover novel drug candidates in pharmacological and healthcare sectors.

Key words: HDAC inhibitors, QSAR, e-pharmacophore, molecular docking, structure and ligand based approach

INTRODUCTION in eukaryotic organisms. The enzymes viz, histone
The growth and division of cancer cells are usually faster acetyltransferase and HDACs, play an influential role behind
than normal cells. Chemotherapy is an effective way to treat ~ this.? The imbalance of any of them may result hindrance in
tumor cells. However, chemotherapeutic drugs are powerful differentiation and proliferation of typical cells and conduct
and principally cause impairment to healthy cells' leading to start of tumor cells. Overexpressed HDAC effectuates the
subside in their usage. This predicament has created a medical eviction of acetyl groups from histones, leading to compression
urge to flourish effective antitumor agents with heightened ~ Of chromatin and downregulation of tumor suppressor genes.™®
safety outline.?®* As clinically proven cancer targets, histone Cell cycle arrest, chemosensitization, apoptosis induction,
deacetylase (HDAC) inhibitors have been established as a and overexpression of tumor suppressors are some of the
flourishing tactic for the progress of new anticancer agents.?* primary mechanisms controlled by HDAC inhibitors." To date,

18 members are present in the mammalian HDAC family, which
are classified into four classes; class I-1V, on the basis of their
sequence homology with the yeast protein. Class | enclose

Acetylation and deacetylation of histone proteins play
an essential role in transcription and regulation of genes
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1, 2, 3, and 8 isoforms promoting cellular proliferation and
hindering apoptosis. Class Il is further classified into class
lla with isoforms 4, 5, 7, and 9 and class Ilb consist of 6 and
10. Class | and Il forbid the cellular differentiation. Some class
Il isoforms (HDACs 4, 6, 7, and 10) boost cellular migration
and angiogenesis, which are two crucial means for cancer
metastasis. Class IV is with a lone member of HDAC 11. Classes
[, I'and IV act by Zn?* reliant mechanism, while class Il shows
homology with silent information regulator 2, needing NAD* as
cofactor for catalysis!®?

Five HDAC inhibitors have been approved to date for
the treatment of different types of cancers. Vorinostat
[suberoylanilide hydroxamic acid (SAHA)] and romidepsin
(FK228) have been approved for the treatment of cutaneous
T-cell lymphoma, while belinostat (PXD101) and tucidinostat
(chidamide) (CS055) have been approved for peripheral T-cell
lymphoma. Panobinostat (LBH589) finds application in the
treatment of multiple myeloma. Besides this, several HDAC
inhibitors are currently under different phases of clinical
trials, i.e., rocilinostat (multiple myeloma), entinostat (breast
cancer), and tacedinaline (lung cancer) are in phase |, Il, and

Connecting
unit

Cap group

,,,,,,,,,,,,,,,,,

SAHA (Vorinostat)
1st HDAC inhibitor
(Oct, 2006)

LBH-589 (Panobinostat)
(Feb, 2015)

Cl994 (Tacedinaline)
(Phase II)

FK228 (Romidepsin)
(2009)

Figure 1. Chemical structures of some FDA-approved HDAC inhibitors
FDA: Food and Drug Administration, HDAC: Histone deacetylase

Metabolism in vivo

Ill, respectively, as represented in Figure 1. HDAC inhibitors are
also structurally classified as hydroxamic acids, benzamides,
cyclic tetrapeptides, short chain fatty acids, electrophilic
ketones, etco®

Remarkably, because these medications are mostly pan-HDAC
inhibitors or target many HDAC isoforms, they have a lot of
negative effects. Because of their low toxicity and limited off-
target effects, isoform-selective HDAC inhibitors may provide
therapeutic benefits. As a result, in recent years, investigations
on HDAC inhibitors have focused on isoform- or class-specific
inhibition."

Although all these types bear a resembling core structure
comprising of three key components, i.e. (i) zinc binding group
(ZBG) responsible for chelation of zinc ion at active site; (ii) cap
group (a hydrophobic or aromatic or heteroaromatic moiety)
accounts for interaction with residues of HDACs external
pocket, and (i) a linker (with optimal length) accounts for
joining the ZBG and cap group. The latter two components,
i.e. cap group and linker, are being employed for structural
modification to obtain compounds with selective and optimum
anticancer activity.”®

Linker Zinc Binding Group
(ZBG)

CS055 (Chidamide)
(2015)

(2014)

MS-27-275 (Entinostat)
(Phase IlI)

Romedepsin-SH
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Computer-aided molecular drug design plays an important
role in design and discovery of novel chemical entities. The
role of computational study of HDAC enzymes is evolving
nowadays, with particular emphasis on molecular modeling for
the development of HDAC inhibitors with enhanced selectivity
and effectiveness. Generally, 3D quantitative structure-activity
relationship (QSAR) studies are complemented by docking
studies.®

Various studies have been reported by many scientists for
studying and developing HDAC inhibitors using computational
tools and techniques.” Kim et al.'" synthesized many d-lactam-
based HDAC inhibitors containing modified cap groups.
Hamblett et al'®, employed MS-275 as the lead moiety and
modified it around pyridine ring for designing novel HDAC
inhibitors with enhanced class | selectivity. Estiu et al.”” studied
the structural basis for the selectivity of class Il-selective HDAC
inhibitors SAHA, turacin, and NK308 using molecular dynamics
simulations approach. Huhtiniemi et al.?° disclosed a relative
modeling of human SIRT1. Xie et al.?' reported a QSAR study on
HDACI for the identification of structural features responsible
for anticancer activity. Chen et al.?? selected around 30 known
HDAC inhibitors for designing 3D QSAR pharmacophore model
to recognize critical ligand features for HDAC inhibition activity.
Ragno et al.? accomplished 3D QSAR studies for their newly
designed class Il selective HDAC inhibitor (APHAs) against
maize HD1-A and HD1-B with acceptable selectivity.

The upregulation of the HDAC enzyme has been linked to avariety
of cancers, making it a possible therapeutic target. The research
found possible inhibitors of human HDAC enzyme by screening
several biologically active molecules from several databases.
Various bioinformatics tools can be used to screen prospective
drugs before moving forward with wet-lab research.?® As a
result, computer-aided drug design has been shown to be
extremely useful in lowering drug development costs and risks,
while also increasing speed and accuracy of drug discovery.?
Molecular docking, binding mode and energy, and hydrogen
bond interactions aid in the identification of a possible inhibitor
in the active site of the HDAC target protein from a dataset.
In other words, the ligand-receptor interaction is predicted by
molecular docking.?” In addition, QSAR model assesses the
biological activity of experimental data by comparing it with
chemical descriptors of known training set substances. The
application domain and appropriate validation approaches were
used to determine the reliability and robustness of the developed
QSAR models.?® Nonetheless, the study discusses the creation
of an atom-based 3D QSAR model that specifies molecular level
comprehension and structure-activity relationship regions for
a dataset of chemicals. The created QSAR model considers
essential pharmacophoric properties such as average shape,
hydrophobic/non-polar areas, electrostatic (positive ionic and
negative ionic), electron withdrawing, and electron donating
for their respective positive and negative coefficient patterns.
Different metrics of QSAR models from partial least squares
(PLS) statistical analysis, such as Q2 R? standard deviation
(SD), stability, F, and root mean squared error values, also
show that the model has strong predictive capacity. As a

result, the research above aims to provide useful information
for designing innovative and effective HDAC inhibitors using
computational and bioinformatic approaches.

MATERIALS AND METHODS

The present work comprises computer-aided drug design
studies. Thus, it does not require ethics committee approval
and patient consent for its accomplishment.

The computational analysis was performed employing the
Schrodinger suite (Maestro v 9.3, LLC, New York) including
protein prep wizard, ligprep, grid generation, glide XP dock, and
3D QSAR model designing.

Biological dataset

The data resources were collected from the research
papers.?32 The literature review clearly exhibited that the
heterocyclic linker in hydroxamic acid-based HDAC inhibitors
improves activity by facilitating ligand receptor binding. The
selected compounds have similar skeletons and biological
assay methods. A data set of 57 compounds was chosen for the
study along with inhibitory concentration 50 (IC,) values in uM
against human carcinoma cancer cell lines as shown in Table 1.
IC., value was used as a dependent variable in the QSAR study.
IC,, values of all compounds for different pharmacophore
studies were changed into negative logarithm of IC,, (pIC,).*
These data are critical for constructing good 3D QSAR models
for investigating structure-activity relationships.

Protein preparation

The protein preparation wizard in Maestro v. 9.3 was practiced to
organize the receptor in order for docking studies.® The binding
region of HDAC inhibitor was initially studied by complexed
crystal structure of SAHA (proto type HDAC inhibitor) with
HDAC protein (PDB ID: 12Z1). This task was carried out in three
steps, (i) importing the protein from PDB followed by processing
to fix its structure, (ii) reviewing chemical correctness of
structure and its modification by adding missing hydrogen
atoms and neutralizing the remotely situated side chain from
binding sites, (iii) refining the orientation of optimized H-bound
groups and geometric minimizing the structure by OPLS_2005
force field by facilitating the realignment of hydroxyl groups of
side chains. %3

Ligand preparation

Lig prep version 2.5 (Schrodinger, LLC, NY) was employed for
constructing and processing the selected ligands.®” Initially,
the structures of all these ligands were drawn in ChemDraw
Professional version 16.0 and saved in mol format. In lig prep, the
ligands were picked from their mol files and proceeded through
several steps, like generation of 3D structures from their 2D
structures, removal of low energy conformers, formation of
stereoisomers and ionization state of ligands, addition and
elimination of hydrogen atoms and counter ions, respectively,
and lastly energy minimization using OPLS_2005 force field.
The ligands were geometrically optimized through Optimized
Potentials Liquid Simulations 2005 (OPLS_2005) force field.*®
The partial atomic charges were figured out employing the
OPLS_2005 force field.*
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Table 1. Chemical structures and plIC,, values of the selected compounds for the dataset

Compound R R’ n HDAC (IC,, uM) pIC,,
« R HN—OH
N
NN
<N
1 -CH, - - 0.062 7.208
2 -CH,CH, - - 0.055 7.260
3 -CH,CH,CH, . - 0132 6.879
4 -CH,CH,CH,CH, - - 0137 6.863
CH,
5 ——% - - 0.022 7.658
Hj
CHj
6 CH3 : - 0.018 7745
Hj
CH,

7 \)\ - - 0.838 6.077
CH;

- - 0.054 7.268

9 ‘Q . - 0115 6.939

10 NG - - 0.09 7.046
1 /\© - - 0.077 7114
N

12 /\i / - ; 0171 6.767

13 ; - - 0.403 6.395

o)
y A@( @ : - 0s 029

a1

O - - 01 6.955
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Table 1. continued

Compound R R’ n HDAC (IC,, pM) pIC,,
16 - - 0.094 7.027
N O
SN
R A N-OH
\Rl H

17 ©/ CH, - 38 5.420

18 /©/ CH, - 3.8 5.420
F

19 /©/ CH, - 2.4 5.620
Cl

20 /©/ CH, - 39 5.409
O,N

21 /O/ CH, - 19 5.721
H5C

22 HSC\O/©/ CH, - 29 5.538

23 H3C\N/©/ CH, - 2.4 5.620

CH,

24 CH - 0.1 7.000

25 CH - 1 6.000

O
©/\/
oy
o

27 i-propyl - 53 4.276

28 Phenyl - 110 3.959
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Table 1. continued

Compound R R’ n HDAC (IC,, uM) piC,,
(0]
RPN
H H
Z ~OH
H3C\ /©/ -
29 N - 0172 6.764
CH,
30 Ol/@/ - - 0.205 6.688
| A
31 - - 037 6.432
—
N
A
32 | N - - 0.941 6.026
—

33 /N ﬁN/©/ - - 0.569 6.245

(0]
™ _OH
H
N H
R n
(@]
34 - 1 0.03 7523
’ CH,
H
O N-~">CH,
35 - 1 0.066 7180
CH,
36 | - 1 0.023 7.638
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Table 1. continued

Compound R R’ n HDAC (IC,, pM) pIC,,
37 QEACHZ - 1 0.016 7.796
QE/\CHZ
38 - 1 0.084 7.076
F
39 - 1 0.014 7.854
’ CH,
H
40 QEACHZ - 1 0.063 7.201
H
41 ’ - 1 0.024 7.620
H Hj
42 %/\ACHZ - 1 0.037 7.432
H
N CH,
43 (:(j/\ - 1 0.067 7174
N/
0o CH,
44 4 - i 0.03 7523
(@]
N
CH,
45 | - 1 0.046 7.337
CHj,
o
46 0.014 7.854

: é
(@)
I
)
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Table 1. continued

Compound R R’ n HDAC (IC,; uM) piC

50

47 - 1 0.04 7.398
48 - 1 015 6.824
49 - 1 0.027 7.569
50 - 0 0.262 6.582
H
N
51 - 1 0.051 7.292
Y CH,

52 CH, - 1 0.053 7.276
N_/

I

: CH,
53 N— - 1 0.079 7102

CH,
54 QO/_ - 1 0.069 7161

H,C
o)
55 CH, - 1 011 6.955
NH
56 - 1 0.059 7.229
HN_ / CH,
57 N - 1 0.038 7.420

\
C>,N\/CH2
3

I

HDAC: Histone deacetylase, pIC, : Negative logarithmic concentration of 50% inhibition
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Docking studies

Glide version 5.8 (Schrodinger, LLC, NY) molecular docking
tool was used for docking studies.®® An effective interaction of
hydroxamate derivatives with the target protein (PDB ID: 12Z1)
to estimate the potential response against tumor cells can be
predicted by this study. 1271, the target protein, was acquired
from the protein data bank (PDP)* and was prepared for the
docking task by working on “protein preparation wizard” in
Maestro version 9.3. The selected ligands were prepared by lig
prep in Maestro version 9.3. Low energy conformers of ligands
were screened. The grid was generated on the receptor protein
by following receptor generation module in glide and finally the
screened ligands were docked into the receptor grid containing
protein exercising XP and SP docking approaches.*

Energetic (e)-pharmacophore hypothesis generation

Both ligand and structure based techniques are combined in
energetic (e)-pharmacophore approach. The e-pharmacophore
script feature permitting docking post processing option
in Maestro v. 9.3 was accomplished for e-pharmacophore
hypothesis study.>**#° The module uses energetic tenets of the
XP glide scoring function for mapping and creating energy-
adjusted pharmacophores, i.e., e-pharmacophores. Thereafter,
phase version 3.4 (Schrodinger, LLC, NY) application generates
pharmacophore sites using a default set of six chemical
attributes: hydrogen bond acceptor (A), hydrogen bond donor
(D), hydrophobic group (H), positive ionizable (P), negative
ionizable (N), and aromatic ring (R). The glide XP energies of
each atom were summed to constitute each pharmacophore
site. These sites were then ordered as per their energy and the
most affirmative site was picked for pharmacophore generation.

Pharmacophore hypothesis generation

Phase version 3.4 (Schrodinger, LLC, NY) was engaged for
the pharmacophore model (hypotheses) generation.® It is
a commonly used system-based method for recognizing
common pharmacophores and developing 3D QSAR models.
Pharmacophore modeling is a ligand-based method for
identifying new lead moieties.

The process gets initiated with cleaning of all 57 selected
ligands. The conformers of these ligands were created by a
macromodel search approach in which maximum number of
conformers was 1000 per structure and minimization steps
as 100 was set as default. Conformers were minimized using
OPLS_2005.4 Later, sites were created for all the ligands
depending on the values set for activity threshold, which
progressively generated common pharmacophore hypothesis
(CPHs). The CPHs are based upon the activity threshold of
active and inactive molecules. A maximum of six feature
sites was present in each hypotheses, namely, hydrogen bond
donor (D), hydrogen bond acceptor (A), hydrophobic group (H),
positively charged group (P), negatively charged group (N), and
aromatic ring (R). These generated hypotheses were monitored
on the basis of survival, survival-inactive, and post-hoc scores.
The hypotheses possessing lowest relative conformational
energy and highest adjusted survival score were selected for
building the QSAR model.*®

3D QSAR model development

The dataset was efficiently segregated into training (38) and
test (19) sets for analysis using a random and rational division
method. In the phase module, pharmacophore and atom-based
alignments are available to orient 3D structures of compounds.
In this study, an atom-based QSAR model was used, which
explained the better structure-activity relationship. Initially,
the overall dataset was segregated into a modeling set (80%
compounds) and an external evaluation set (20% compounds)
employing random division approach. The modeling set was
further sectioned into a training set (comprising of 80% of the
modeling set) and a test set (comprising of 20% of the modeling
set) again using the rational division method. The best fitting
model was generated through a random division. The atom-
based QSAR model was generated for ligands by selecting the
best fit hypothesis with good scoring value, keeping 1A as grid
spacing and maximum PLS factor as 5. The QSAR results were
later visualized, which ultimately helped in the optimization of
the thrust structure of dataset.*

Validation of the pharmacophore model

The primary goal of QSAR model is to estimate biological
activity of novel molecules. Internally and externally, the model
developed would sound. A training set and a test set were
created from the data. With 38 compounds in the training set,
atom-based 3D-QSAR models were created for hypotheses. By
estimating the activities of 19 test molecules, top QSAR model
was externally validated.

Statistical analysis

Statistical criteria such as squared correlation coefficient (R?),
g? (R? for test set), SD of regression, Pearson’'s correlation
coefficient (pearson’s r), statistical significance (P), and
variance ratio were used to internally validate the developed
pharmacophore hypotheses (F). The anticipated pIC,, was
calculated using the 5" PLS factor. An increase in the number of
PLS factors has no effect on the model’s statistics or prediction
ability.

RESULTS AND DISCUSSION

Molecular docking study

The result of docking studies shown in Figure 2 indicated
the probable interaction of ligands containing hydroxamate
groups with the receptor 1ZZ1. Compound 39 from the dataset
exhibits maximum structural alignment with that of SAHA in
protein 1ZZ1. 2D interaction diagram of compound 39 docked
with 1ZZ1 revealed metallic bond interaction with zinc (Zn2451)
of receptor 1ZZ1 and keto group of ligand, hydrogen bond
formation between NH- moiety of hydroxamic acid group of
the ligand with GLY151 and TYR312 amino acids, and hydrogen
bond formation between NH- moiety of hydroxamic acid group
of the ligand with GLY151 and TYR312 amino acids. Hydrogen
bonding is also obvious between the NH- moiety of indole ring
and the ASP98 amino acid. The hydrophobic interaction of
PHE208 with five-membered ring B of indole and benzene ring
of compound 39 was also found in the diagram.
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Energetic (e)-pharmacophore study

An energetic (e)-pharmacophore study displayed its result
for compound 45 with protein 1ZZ1. A maximum of seven
pharmacophore attributes were taken as default, but five
pharmacophore sites were recorded. The created hypothesis
presented one hydrogen bond acceptor, two hydrogen bond
donors, and two aromatic rings, as presented in Figure 3b.
Its ranking order and scoring value as represented in Table 2
clearly indicate that the two aromatic rings R10 and R11 create
a hydrophobic environment and acceptor A2 and donor D4 and
D6 groups participate in hydrogen bonding.

Pharmacophore generation and 3D QSAR model analysis and
validation

Phase version 3.4 presented the outcome for pharmacophore
generation and atom-based 3D QSAR modelling. The activity

(4)

PHE i}
20" us
e
100
PHE
THR
101 HN -
54 -
% \ W HIE
182
HO- O ax
MET SN G 10
150 H
Y HIS
MO D Gy, 43
W 140 R 151
P -
e €

Figure 2. Docking pose of compound 39 complexing with 1ZZ1 protein
(A) docking pose alignment showing crystal ligand SAHA (magenta) and
docked ligand (white) (B) 2D interaction pattern of ligand with protein

SAHA: Suberoylanilide hydroxamic acid

threshold was maintained at a range of 7.6 to 6.9, which divided
the dataset into active, moderately active and inactive range.
The dataset was further partitioned into training (38 molecules)
and test (19 molecules) sets based on structural features and
the range of biological activity. The five features containing
CPHs were selected based on their high survival score to
define the entire binding arena of the molecule as displayed in
Figure 3a. The suitable 10 CPHs (Table 3) representing good
scores (survival-inactive) were considered for 3D QSAR model
design using 5 PLS factors.

Table 2. Score of pharmacophoric features based on energetic
terms of XP docking

Feature label Score (kcal/mol) Score source

R12 -1.86 Ring chemscoreHPhobe
A3 -0.65 H-bond
D4 -0.51 H-bond
D5 -0.43 H-bond
R1 -0.65 Ring chemscoreHPhobe

XP: Extra precision

Figure 3. Pharmacophore hypothesis. Pharmacophore features elucidating
hydrogen bond acceptor (A, pink), hydrogen bond donor (D, blue), and
aromatic rings (R, brown) (A). Pharmacophore model AADRR.139 developed
using the phase module (ligand-based approach). (B) Pharmacophore
model ADDRR was developed using the e-pharmacophore script (ligand
and structure based approaches)

Table 3. Hypothesis score generated by phase

Serial no. Hypothesis Survival Survival-inactive Post-hoc Site Vector Volume Matches
1 AADRR.139 344 1.546 344 0.79 0.946 0.704 7
2 ADDRR.202 3.307 1.471 3.307 0.76 0917 0.628 7
3 AADDR.209 3435 1.601 3435 0.76 0.934 0.743 7
4 AAAARIT75 3.521 1.67 3.521 0.83 0.921 0.786 7
5 AAADR.210 3.402 1.559 3.402 0.80 0.919 0.678 7
6 AADHR.205 3.450 1.566 3.450 0.78 0.944 0.721 7
7 AAADH.201 3.451 1.585 3.451 0.81 0.941 0.699 7
8 AADDH.192 3.41 1.644 3.41 0.78 0.935 0.695 7
9 AAARR.81 3.307 1.471 3.307 0.76 0917 0.628 7
10 ADDRR.207 3.518 1.694 3.518 0.82 0.934 0.762 7
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CPH AADRR.139 executed best statistical conclusion for PLS
factor 5, revealing Q% (0.7142), R2(0.9877), SD (0.1049), F (531D,
P (1.627e-030), root mean square deviation (RMSD) (0.4435),
stability (0.4939), and pearson-r (0.8478) (Table 4). The scatter
plots of actual vs predicted activity for training and test set
compounds were plotted (Figure 4). The results showing
comparison of predicted activity with their actual experimental
activity was studied and is mentioned in Table 5.

The statistics and predictive ability (g of the model did not
improve with an increase in the digit of PLS factors. The
regression is carried out by creating a series of models with
progressively more PLS components. When the number of
PLS factors is increased, the model's accuracy improves until
overfitting occurs. Although there is no limit to the number of
PLS factors that can be added, in general, adding factors should
be halted when the SD of the regression is roughly equivalent
to the experimental error. This problem began to appear
on models generated after PLS 5. At 5" PLS factor with the
smallest SD of regression, statistical measures like R? and ¢?
were also high (0.9877 and 0.7142, respectively). As a result,
for the construction of our atom-based three-dimensional
quantitative structure-activity relationship model, 5" SD of
regression component was chosen.

3D QSAR model visualization
There are some essential features in the form of different

colored cubes for each feature observed in QSAR visualization
maps highlighting an active ligand-receptor interaction. These

features indicate the type and position of the attachment
of functional groups for showing specific pharmacological
activity. They also throw light on toxicity statement of ligands.
The ligand 40 from the dataset, more specific from the
training set, was carefully chosen as the template molecule for
improved understanding of the study. The QSAR model made
between hypothesis AADRR.139 and compound 40 is visualized
in Figure 5.

The substitution of hydrogen atom of NH- and its adjacent -CH,
group by ahydrogen bond donating moiety increases the activity;
similarly, replacement of hydrogen atom of OH of hydroxamic
acid also displays an elevation in activity. Replacement of
oxygen of hydroxamic acid by any H-bond donor leads to
decrease in activity. The attachment of the hydrophobic group
rather than H present at 4" position of the indoline ring leads to
rise in activity. In addition, the substitution of hydrogen atoms
of the ethylene moiety present in the linker also escalates the
activity. Attachment of the hydrophobic group and an electron
withdrawing group in the phenyl ring of linker causes a decline
in activity. Substitution of the hydrogen of indoline nitrogen
with electron withdrawing moiety increases the activity.

The outcome of these computational studies clearly indicate
that among all compounds, higher fitness value and docking
score, lesser toxicity, and superior drug properties and more
complimentary conformation as compared to the original ligand
has been shown by compound 39. Thus, ligand 39 can be
considered as a possible lead moiety for the development of
newer HDAC inhibitors.

Table 4. Statistical result of the developed 3D QSAR model using AADRR.139 CPHs

ID PLS fact. SD R2 F P Stability = RMSE Q2 Pearson-r
1 0.4577 0.7381 104.3 2.578e-012 0.8691 0.3095 0.8609 0.9294
2 0.2661 0.9139 911 6.764e-020 0.6313 0.3984 0.7694 0.8779
AADRR.139 3 0.1807 0.9614 2905  8776e-025 0.5401 0.427 0.7349 0.8601
4 0.1372 0.9784 384.4  8.771e-028 0.5275 0.4596 0.6931 0.8337
5 0.1049 0.9877 5311 1.627e-030 0.4939 0.4435 0.7142 0.8478

QSAR: Quantitative structure activity relationship, CPH: Common pharmacophore hypothesis, PLS fact: Partial least squares factor, SD: Standard deviation, R%
Multiple correlation coefficient between dependent and independent variable, F: Aromatic substituents electronic inductive effect, P: Partition coefficient, RMSE:
Root mean squared error, Q% Predictive squared correlation coefficient, Pearson-r: Pearson correlation matrix
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Figure 4. Test (A) and training (B) plots showing the observed activity versus the predicted activity for 3D QSAR models generated using AADRR.139

QSAR: Quantitative structure-activity relationship
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Table 5. Comparison between experimental and predicted activity along with fitness values of dataset ligands, which are obtained

from the best generated atom based 3D-QSAR models AADRR.139

Predicted activity Residual Fitness

Lig. name QSAR set Experimental activity Pharma set
3D QSAR AADRR.139

1 Training 7.208 7.04 0.168 194 +

2 Training 7.26 732 -0.06 1.87 +

3 Training 6.879 6.81 0.069 1.85 Inactive

4 Training 6.863 6.89 -0.027 2.24 Inactive

5 Training 7.658 7.50 0.158 1.98 Active

6 Training 7.745 7.86 -0.115 191 Active

7 Training 6.077 6.42 -0.343 1.8 Inactive

8 Training 7.268 718 0.088 1.85 +

9 Training 6.939 7.01 -0.071 1.91 +

10 Training 7.046 719 -0.144 2.39 +

" Training 7114 7.03 0.084 191 +

12 Test 6.767 7.05 -0.283 2.29 Inactive

13 Training 6.395 6.43 -0.035 1.87 Inactive

14 Training 6.292 6.31 -0.018 1.8 Inactive

15 Test 6.955 6.77 0.185 1.81 +

16 Training 7.027 71 -0.083 217 +

17 Test 5.42 5.26 0.16 1.38 Inactive

18 Test 5.42 533 0.09 139 Inactive

19 Training 5.62 5.88 -0.26 1.67 Inactive

20 Test 5.409 5.84 -0.431 1.66 Inactive

21 Training 5.721 5.43 .0291 1.38 Inactive

22 Training 5.538 5.51 0.028 1.38 Inactive

23 Test 5.62 5.52 0.10 1.37 Inactive

24 Training 7 716 -0.16 1.43 +

25 Training 6 6.03 -0.03 1.47 Inactive

26 Test 5.301 5.79 -0.489 113 Inactive

27 Training 4.276 4.37 -0.094 1.37 Inactive

28 Training 3.959 4.00 -0.041 1.32 Inactive

29 Training 6.764 6.57 0.194 1.62 Inactive

30 Test 6.688 6.47 0.218 1.78 Inactive

31 Test 6.432 6.27 0.162 1.67 Inactive

32 Training 6.026 6.05 -0.024 1.76 Inactive

33 Training 6.245 614 0.105 1.68 Inactive

34 Training 7.523 7.43 0.093 23 +

35 Training 718 7.20 -0.02 2.83 +

36 Training 7.638 7.44 0.198 293 Active

37 Training 7.796 7.80 -0.004 2.73 Active
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Table 5. continued

Lig. name QSAR set Experimental activity Predicted activity Residual Fitness Pharma set
3D QSAR AADRR.139

38 Training 7.076 7.23 -0.154 2.84 +

39 Test 7.854 T.47 0.384 3.00 Active

40 Training 7.201 7.44 -0.239 2.94 +

41 Training 7.62 7.56 0.06 243 Active

42 Test 7432 7.23 0.202 1.75 +

43 Test 7174 [l 0.064 2.4 +

44 Training 7.523 7.58 -0.057 2.31 +

45 Test 7.337 7.26 0.077 2.27 +

46 Test 7.854 7.48 0.374 2.78 Active

47 Training 7.398 7.48 -0.082 2.64 +

48 Test 6.824 719 -0.366 213 Inactive

49 Training 7.569 754 0.029 213 +

50 Training 6.582 6.53 0.052 197 Inactive

51 Training 7.292 7.27 0.022 1.72 +

52 Training 7.276 712 0.156 219 +

53 Test 7102 6.90 0.202 2.04 +

54 Training 7161 7.07 0.091 2.41 +

55 Test 6.955 716 -0.205 2.41 +

56 Test 7.229 715 0.079 233 +

57 Test 7.42 750 -0.08 2.87 +

+ represents moderately active compounds, QSAR: Quantitative structure-activity relationship

Figure 5. Visualization of QSAR models generated using hypotheses AADRR.139 for various substituent groups (A) H-bond donor (B) hydrophobic/non-polar
(C) electron withdrawing. Blue cubes indicate favorable regions, whereas yellow cubes indicate unfavorable regions for the activity

QSAR: Quantitative structure-activity relationship

CONCLUSION

HDAC inhibitors, a newer addition to chemotherapy, have
been found to play a crucial role in the treatment of cancer.
HDAC inhibitors are scarcely available on the market. The
computational study performed on hydroxamic acid-based
derivatives of the dataset exhibited a convincing outcome.

The various computational studies such as pharmacophore
and atom-based 3D-QSAR, molecular docking (XP and SP),

and energetic-based pharmacophore mapping effectively
established a correlation between the structure of ligands with
their predicted biological activity. Both ligand- and structure-
based pharmacophore mapping approaches in combination
efficiently forecasted this correlation and would be helpful in the
design and development of novel HDAC inhibitors as anticancer
agents. Moreover, they may also help in designing novel ligands
more accurately. The molecular docking study showed maximum
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structural similarity of compound 39 with that of reference
HDAC inhibitor (SAHA). It revealed the crucial intermolecular
interactions between the ligand moieties and amino acids in
the target protein. The created 3D QSAR pharmacophore model
exhibited exceptional regression coefficient standards for the
training set, with Q% 0.7142, R% 0.9877, and low RMSD: 0.4435.
It is expected that the findings of these investigations will be
used to develop new structural analogs of substituted phenyl
hydroxamide derivatives with anticancer activity.
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