
ACTA 
PHARMACEUTICA 
SCIENCIA
International Journal in Pharmaceutical Sciences, Published Quarterly

ISSN: 2636-8552
e-ISSN: 1307-2080,
Volume: 59, No: 2, 2021
Formerly: Eczacılık Bülteni / Acta Pharmaceutica Turcica
Founded in 1953 by Kasım Cemal GÜVEN



Murat Duran 
(Eskişehir Osmangazi University, Turkey)
Nesrin Emekli 
(İstanbul Medipol University, Turkey)
Nilay Aksoy (Altınbaş University, Turkey)
Nurşen Başaran (Hacettepe University, Turkey)
Özgen Özer (Ege University, Turkey)
Roberta Ciccocioppo 
(University of Camerino, Italy)
Selma Saraç Tarhan 
(Hacettepe University, Turkey) 
Semra Şardaş (İstinye University, Turkey)
Sevda Süzgeç Selçuk 
(İstanbul University, Turkey)
Stefano Constanzi (American University, USA)
Süreyya Ölgen (Biruni University, Turkey)
Şule Apikoğlu Rabuş 
(Marmara University, Turkey)
Tuncer Değim (Biruni University, Turkey)
Yıldız Özsoy (İstanbul University, Turkey)
Yusuf Öztürk (Anadolu University, Turkey)
Address
İstanbul Medipol Üniversitesi
Kavacık Güney Kampüsü
Göztepe Mah. Atatürk Cad.
No: 40 34810 Beykoz/İSTANBUL
Tel: 0216 681 51 00 
E-mail
editor@actapharmsci.com
secretary@actapharmsci.com
Web site
http://www.actapharmsci.com
Graphic-Design
Sertan Vural - Medicomia
Printing Office
Has Kopyalama Baskı ve Kırtasiye A.Ş
Kavacık Mah. Ekinciler Cad. No:19
Medipol Üniversitesi Kuzey Yerleşkesi
Tel: (0216) 681 53 72

Editor
Şeref Demirayak
Associate Editors
Gülden Zehra Omurtag
Barkın Berk
Zafer Şahin
Publication Coordinator
Sevde Nur Biltekin Kaleli
Ayşegül Çaşkurlu
Erol Akgün
Language Editor
Recep Murat Nurlu
Mert Sarsağ
Neda Taner
Biostatistics Editor
Pakize Yiğit
Editorial Board
Sabahattin Aydın 
(Istanbul Medipol University, Turkey)
Ahmet Aydın (Yeditepe University, Turkey)
Ahmet Çağrı Karaburun (Anadolu University, Turkey)
Aristidis Tsatsakis (University of Crete, Greece)
Ayfer Beceren (Marmara University, Turkey)
Dilek Ak (Anadolu University, Turkey)
Ebrahim Razzazi-Fazeli 
(University of Veterinary Medicine, Vienna)
Erem Memişoğlu Bilensoy 
(Hacettepe University, Turkey) 
Fatma Tosun (İstanbul Medipol University, Turkey)
Fatih Demirci (Anadolu University, Turkey)
Hakan Göker (Ankara University, Turkey)
Hanefi Özbek (İstanbul Medipol University, Turkey)
Hayati Çelik (Yeditepe University, Turkey)
İhsan Çalış (Near East University, Cyprus)
Jülide Akbuğa (İstanbul Medipol University, Turkey)
Kenneth A. Jacobson 
(National Institutes of Health, USA)
Leyla Yurttaş (Anadolu University, Turkey)
Mahmud Miski (İstanbul University, Turkey)
Mesut Sancar (Marmara University, Turkey)

ACTA 
PHARMACEUTICA 
SCIENCIA
International Journal in Pharmaceutical Sciences 
is Published Quarterly 
ISSN: 2636-8552
e-ISSN: 1307-2080,
Volume: 59, No: 2, 2021
Formerly: Eczacılık Bülteni/Acta Pharmaceutica Turcica
Founded in 1953 by Kasım Cemal Güven



Contents
 
Aims and Scope of Acta Pharmaceutica Sciencia
Seref Demirayak. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                        V

Instructions for Authors. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  VI

ORIGINAL ARTICLES. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  XXII

Investigating the Stress Effects on Fexofenadine Hydrochloride and Montelukast 
Sodium in Bulk and Tablet dosage Form Using a Validated LC-DAD Method
C.N. Nalini, G. Vinoth, P. Guganathan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                      187

Assessment of Salmonella Spp. and Mold-Yeast Contamination in Packaged and 
Unpackaged Spices
Ayşe Hümeyra İslamoğlu, B. İrem Omurtag Korkmaz. . . . . . . . . . . . . . . . . . . . . . . . . .                         207 

Synthesis of New 1,2,4-Triazole Derivatives and Investigation of Their Matrix 
Metalloproteinase-9 (MMP-9) Inhibition Properties
Leyla Yurttaş, Asaf Evrim Evren, Aslıhan Kubilay, Halide Edip Temel. . . . . . . . . . . . . .             216

Biomarkers in Parkinson’s Disease – An Effective Tool for Diagnosis of PD
Anitha Nandagopal, Syeda Nishath Sultana, Anupama Koneru . . . . . . . . . . . . . . . . . .                 233

Developing, Optimization and in vitro Evaluating of Three-layers Floating 
Dipyridamole Film in Hard Gelatine Capsule
Esher Ozcelik, Ali Asram Sagıroglu, Yıldız Ozsoy. . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            263

Molecular Inclusion -Novel Approach to Enhance Solubility of Olmesartan 
Medoxomil Using Hydroxypropyl β Cyclodextrin (HP β-CD)
Swati S. Gaikwad, Jasmine G. Avari. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                       276

Awareness and Knowledge of Autism Spectrum Disorders Among Community 
Pharmacists in Khartoum State (Sudan), 2018
Nadine Hassan Ali, Ahmed H. Arbab. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                      291

Nanosponges (NSs): Using as a Nanocarrier for Anti Cancer Drug Delivery 
Applications
Ayhan Bergal,  Müberra Andaç. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                           306

Formulation Design and Optimization of Sustained Released Matrix Tablets of 
Propranolol HCl Using Natural and Synthetic Polymers
Rajni Bala, Rohit Rana, Reecha Madaan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   321

REVIEW ARTICLES. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 342

Polymers for Mucoadhesive Drug Delivery Systems
Sunita Devi, Meenakshi Bhatia, Samiksha Grewal . . . . . . . . . . . . . . . . . . . . . . . . . . . .                           343





VActa Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

Aims and Scope of Acta Pharmaceutica Sciencia

Acta Pharmaceutica Sciencia is a continuation of the former “Eczacılık Bülteni” 
which was first published in 1953 by Prof. Dr. Kasım Cemal GÜVEN’s editor-
ship. At that time, “Eczacılık Bülteni” hosted scientific papers from the School 
of Medicine-Pharmacy at Istanbul University, Turkey.

In 1984, the name of the journal was changed to “Acta Pharmaceutica Turcica” 
and it became a journal for national and international manuscripts, in all fields 
of pharmaceutical sciences in both English and Turkish. (1984-1995, edited by 
Prof. Dr. Kasım Cemal GÜVEN, 1995-2001, edited by Prof. Dr. Erden GÜLER, 
2002-2011, edited by Prof. Dr. Kasım Cemal GÜVEN)

Since 2006, the journal has been published only in English with the name, 
“Acta Pharmaceutica Sciencia” which represents internationally accepted high-
level scientific standards. The journal has been published quarterly except for 
an interval from 2002 to 2009 in which its issues were released at intervals of 
four months. The publication was also temporarily discontinued at the end of 
2011 but since 2016, Acta Pharmaceutica Sciencia has continued publication 
with the reestablished Editorial Board and also with the support of you as pre-
cious scientists.

Yours Faithfully

Prof. Dr. Şeref DEMİRAYAK

Editor
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INSTRUCTIONS FOR AUTHORS

Manuscripts must be prepared using the manuscript template

Manuscripts should contain the following elements in the following order :

Title Page

Abstract

Keywords

Introduction (Without author names and affiliations)

Methodology

Results and Discussion

Statement of Ethics

Conflict of interest Statement

Author Contributions

Funding Sources (optional)

Acknowledgments (optional)

References

It is best to use the Times New Roman’ font, 12 font size, and all kinds of articles 
must be double-spaced including text, references, tables, and legends.

The title should be concise and informative. Avoid abbreviations and formulae, 
where possible. The title page should include full title, author names and affili-
ations, present addresses, corresponding author, and ORCID numbers for every 
author Also, the full manuscript should include a full title page 

Abstracts should not be separated into categories, it should be written in a para-
graph format. Keywords: Max. 5

Graphics may be included with both in the text and uploaded as separate files 

Sections: (Capital letters should be used in) Introduction, Methodology, Results 
and Discussion, Statement of Ethics, Conflict of Interest Statement, Author Con-
tributions, Funding Sources (optional), Acknowledgement (optional).

Table and figure titles should not be abbreviated exp. fig. is not acceptable. It 
should be written as; Table 1. …. Figure 1. ….. 

Figure captions: A caption should comprise a brief title (not on the figure itself) 
and a description of the illustration. Keep text in the illustrations themselves to a 
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minimum but explain all symbols and abbreviations used. Figure captions should 
be written on the bottom.

Titles: Number tables consecutively by their appearance in the text and place any 
table notes below the table body. Table captions should be written on the top.

References in the text should be identified using Arabic numerals. Years of the 
references should be written boldly. More than one reference from the same 
author(s) in the same year must be identified by the letters “a”, “b”, “c”, etc., placed 
after the year of publication. References should conform to APA style and be num-
bered consecutively in the order in which they are cited in the text. 

*Obligatory files are manuscript main document, title page and copyright form for 
submission. If exist, supplementary files should also be added.

1. Scope and Editorial Policy

1.1 Scope of the Journal

Acta Pharmaceutica Sciencia (Acta Pharm. Sci.), formerly known as Bulletin of 
Pharmacy and Acta Pharmaceutica Turcica is a peer-reviewed scientific journal 
publishing current research and reviews covering all fields of pharmaceutical sci-
ences since 1953.

The original studies accepted for publication must be unpublished work and 
should contain data that have not been published elsewhere as a whole or a part. 
The reviews must provide critical evaluation of the state of knowledge related with 
the subject.

All manuscripts has to be written in clear and concise English. Starting from 2016, 
the journal will be issued quarterly both in paper and on-line formates also pub-
lish special issues for national or international scientific meetings and activities in 
the coverage field.

1.2 Manuscript Categories

Manuscripts can be submitted as Research Articles and Reviews.

1.2.1  Research Articles are definitive accounts of significant, original studies. 
They are expected to present important new data or provide a fresh approach to 
an established subject.

1.2.2 Reviews integrate, correlate, and evaluate results from published literature 
on a particular subject. They expected to report new and up to date experimental 
findings. They have to have a well-defined theme, are usually critical, and may 
present novel theoretical interpretations. Up to date experimental procedures 
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may be included. Reviews are usually submitted at the invitation of the Editors. 
However, experts are welcome to contact the Editors to ensure that a topic is suit-
able. Approval is recommended prior to submission.

1.3 Prior Publication

Authors should submit only original work that has not been previously published 
and is not under consideration for publication elsewhere. Academic theses, in-
cluding those on the Web or at a college Web site, are not considered to be prior 
publication.

1.4 Patents and Intellectual Property

Authors need to resolve all patent and intellectual property issues. Acceptance and 
publication will not be delayed for pending or unresolved issues of this type. Note 
that Accepted manuscripts and online manuscripts are considered as published 
documents.

1.5 Professional Ethics

Editors, reviewers, and authors are expected to adhere to internationally accept-
ed criteria’s for scientific publishing. Helsinki declaration is applied and accepted 
for the ethical standards of the journal.

World Medical Association. (2001). World Medical Association Declaration of 
Helsinki. Ethical principles for medical research involving human subjects.. Bul-
letin of the World Health Organization, 79 (4), 373 - 374.

1.5.1 Author Consent.  Submitting authors are reminded that consent of all 
coauthors must be obtained prior to submission of manuscripts. If an author is 
removed after submission, the submitting author must have the removed author 
consent to the change by e-mail or faxed letter to the assigned Editor.

1.5.2. Plagiarism. Manuscripts must be original with respect to concept, con-
tent, and writing. It is not appropriate for an author to reuse wording from other 
publications, including one›s own previous publications, whether or not that pub-
lication is cited. Suspected plagiarism should be reported immediately to the edi-
torial office. Report should specifically indicate the plagiarized material within the 
manuscripts. Acta Pharmaceutica Sciencia uses iThenticate or Turnitin software 
to screen submitted manuscripts for similarity to published material. Note that 
your manuscript may be screened during the submission process.

1.5.3. Use of Human or Animal Subjects. For research involving biological 
samples obtained from animals or human subjects, editors reserve the right to 
request additional information from authors. Studies submitted for publication 
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approval must present evidence that the described experimental activities have 
undergone local institutional review assessing safety and humane usage of study 
subject animals. In the case of human subjects authors must also provide a state-
ment that study samples were obtained through the informed consent of the do-
nors, or in lieu of that evidence, by the authority of the institutional board that 
licensed the use of such material. Authors are requested to declare the identifica-
tion or case number of institution approval as well as the name of the licensing 
committee in a statement placed in the section describing the studies’ Material 
and Methods.

World Medical Association. (2001). World Medical Association Declaration of 
Helsinki. Ethical principles for medical research involving human subjects.. Bul-
letin of the World Health Organization, 79 (4), 373 - 374.

1.6 Issue Frequency

The Journal publishes 4 issues per year.

2. Preparing the Manuscript

2.1 General Considerations

Manuscripts should be kept to a minimum length. Authors should write in clear, 
concise English, employing an editing service if necessary. For professional assis-
tance with improving the English, figures, or formatting in the manuscript before 
submission please contact to editorial office by e-mail for suggestions. Authors are 
required to subject their manuscript for

The responsibility for all aspects of manuscript preparation rests with the authors. 
Extensive changes or rewriting of the manuscript will not be undertaken by the 
Editors. A standard list of Abbreviations, Acronyms and Symbols is in section 5.

It is best to use the fonts “Times” and “Symbol.” Other fonts, particularly those 
that do not come bundled with the system software, may not translate properly. 
Ensure that all special characters (e.g., Greek characters, math symbols) are pre-
sent in the body of the text as characters and not as graphic representations. Be 
sure that all characters are correctly represented throughout the manuscript—e.g., 
1 (one) and l (letter l), 0 (zero) and O (letter o).

All text (including the title page, abstract, all sections of the body of the paper, 
figure captions, scheme or chart titles, and footnotes and references) and tables 
should be in one file. Graphics may be included with the text or uploaded as sepa-
rate files. Manuscripts that do not adhere to the guidelines may be returned to 
authors for correction.
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2.1.1 Articles of all kind. Use page size A4. Vertically orient all pages. Articles 
of all kind must be double-spaced including text, references, tables, and legends. 
This applies to figures, schemes, and tables as well as text. They do not have page 
limitations but should be kept to a minimum length. The experimental procedures 
for all of experimental steps must be clearly and fully included in the experimental 
section of the manuscripts.

2.1.2 Nomenclature. It is the responsibility of the authors to provide correct 
nomenclature. It is acceptable to use semisynthetic or generic names for certain 
specialized classes of compounds, such as steroids, peptides, carbohydrates, etc. 
In such a case, the name should conform to the generally accepted nomenclature 
conventions for the compound class. Chemical names for drugs are preferred. If 
these are not practical, generic names, or names approved by the World Health 
Organization, may be used.

Authors may find the following sources useful for recommended nomenclature:

· The ACS Style Guide; Coghill, A. M., Garson, L. R., Eds.; American Chemical 
Society: Washington DC, 2006.

· Enzyme Nomenclature; Webb, E. C., Ed.; Academic Press: Orlando, 1992.

· IUPHAR database of receptors and ion channels (http://www.guidetopharma-
cology.org/).

2.1.3 Compound Code Numbers.  Code numbers (including peptides) as-
signed to a compound may be used as follows:

 · Once in the manuscript title, when placed in parentheses AFTER the chemical 
or descriptive name.

· Once in the abstract.

· Once in the text (includes legends) and once to label a structure. Code numbers 
in the text must correspond to structures or, if used only once, the chemical name 
must be provided before the parenthesized code number, e.g., “chemical name 
(JEM-398).” If appearing a second time in the text, a bold Arabic number must be 
assigned on first usage, followed by the parenthesized code number, e.g., “1 (JEM-
398).” Subsequently, only the bold Arabic number may be used. All code numbers 
in the text must have a citation to a publication or a patent on first appearance.

Compounds widely employed as research tools and recognized primarily by code num-
bers may be designated in the manuscript by code numbers without the above restric-
tions. Their chemical name or structure should be provided as above. Editors have the 
discretion of determining which code numbers are considered widely employed.
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2.1.4 Trademark Names. Trademark names for reagents or drugs must be used 
only in the experimental section. Do not use trademark or service mark symbols.

2.1.5 Interference Compounds. Active compounds from any source must be 
examined for known classes of assay interference compounds and this analysis 
must be provided in the General Experimental section. Many of these compounds 
have been classified as Pan Assay Interference Compounds (PAINS; see Baell & 
Holloway, J. Med. Chem. 2010, 53, 2719-2740). These compounds shown to dis-
play misleading assay readouts by a variety of mechanisms by forming reactive 
compounds. Provide firm experimental evidence in at least two different assays 
that reported compounds with potential PAINS liability are specifically active and 
their apparent activity is not an artifact.

2.2 Manuscript Organization

2.2.1 Title Page. Title: The title of the manuscript should reflect the purposes 
and findings of the work in order to provide maximum information in a com-
puterized title search. Minimal use of nonfunctional words is encouraged. Only 
commonly employed abbreviations (e.g., DNA, RNA, ATP) are acceptable. Code 
numbers for compounds may be used in a manuscript title when placed in paren-
theses after the chemical or descriptive name.

Authors’ Names and Affiliations: The authors’ full first names, middle initials, last 
names, and affiliations with addresses at time of work completion should be listed 
below the title. The name of the corresponding author should be marked with an 
asterisk (*).

2.2.2 Abstract and keywords. Articles of all types must have an abstract fol-
lowing the title page. The maximum length of the Abstract should be 200 words, 
organized in a findings-oriented format in which the most important results and 
conclusions are summarized. Code numbers may be used once in the abstract. Af-
ter the abstract, a section of Keywords not more than five has to be given. Be aware 
that the keywords, chosen according to the general concept, are very significant 
during searching and indexing of the manuscripts.

Key words: instructions for authors, template, journal 

2.2.3 Introduction. The Introduction should argue the case for the study, out-
lining only essential background, and should not include the findings or the con-
clusions. It should not be a review of the subject area, but should finish with a clear 
statement of the question being addressed. Authors should use this template when 
preparing a manuscript for submission to the ACTA Pharmaceutica Sciencia.
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2.2.4. Methodology.  Materials, synthetic, biological, demographic, statistical 
or experimental methods of the research should be given detailed in this section. 
The authors are free to subdivide this section in the logical flow of the study. For 
the experimental sections, authors should be as concise as possible in experi-
mental descriptions. General reaction, isolation, preparation conditions should 
be given only once. The title of an experiment should include the chemical name 
and a bold Arabic identifier number; subsequently, only the bold Arabic number 
should be used. Experiments should be listed in numerical order. Molar equiva-
lents of all reactants and percentage yields of products should be included. A gen-
eral introductory section should include general procedures, standard techniques, 
and instruments employed (e.g., determination of purity, chromatography, NMR 
spectra, mass spectra, names of equipment) in the synthesis and characterization 
of compounds, isolates and preparations described subsequently in this section. 
Special attention should be called to hazardous reactions or toxic compounds. 
Provide analysis for known classes of assay interference compounds.

The preferred forms for some of the more commonly used abbrevations are mp, 
bp, ºC, K, min, h, mL, μL, g, mg, μg, cm, mm, nm, mol, mmol, μmol, ppm, TLC, 
GC, NMR, UV, and IR. Units are abbreviated in table column heads and when 
used with numbers, not otherwise. (See section 4 for more abbreviations)

2.2.5 Results and Discussion. This section could include preparation, isola-
tion, synthetic schemes and tables of biological and statistical data. The discus-
sions should be descriptive. Authors should discuss the analysis of the data to-
gether with the significance of results and conclusions. An optional conclusions 
section is not required.

2.2.6 Ancillary Information. Include pertinent information in the order listed 
immediately before the references.

PDB ID Codes: Include the PDB ID codes with assigned compound Arabic num-
ber. Include the statement “Authors will release the atomic coordinates and ex-
perimental data upon article publication.”

Homology Models:  Include the PDB ID codes with assigned compound Arabic 
number. Include the statement “Authors will release the atomic coordinates upon 
article publication.”

Corresponding Author Information: Provide telephone numbers and email ad-
dresses for each of the designated corresponding authors.

Present/Current Author Addresses: Provide information for authors whose affili-
ations or addresses have changed.
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Author Contributions:  Include statement such as «These authors contributed 
equally.»

Acknowledgment: Authors may acknowledge people, organizations, and financial 
supporters in this section.

Abbreviations Used: Provide a list of nonstandard abbreviations and acronyms 
used in the paper, e.g., YFP, yellow fluorescent protein. Do not include compound 
code numbers in this list. It is not necessary to include abbreviations and acro-
nyms from the Standard Abbreviations and Acronyms listed in section 4.

2.2.7 References and Notes. APA style is used in the reference list and ci-
tations. List submitted manuscripts as “in press” only if formally accepted for 
publication. Manuscripts available on the Web with a DOI number are consid-
ered published. For manuscripts not accepted, use “unpublished results” after 
the names of authors. Incorporate notes in the correct numerical sequence with 
the references. Footnotes are not used. List submitted manuscripts as “in press” 
only if formally accepted for publication. Manuscripts available on the Web with 
a DOI number are considered published. For manuscripts not accepted, use “un-
published results” after the names of authors. Incorporate notes in the correct nu-
merical sequence with the references. Footnotes are not used. APA style is used in 
the reference list. However, in-text citations should be given superscript numbers 
(e.g. 1 ) according to order in the manuscript. List submitted manuscripts as “in 
press” only if formally accepted for publication. Manuscripts available on the Web 
with a DOI number are considered published. For manuscripts not accepted, use 
“unpublished results” after the names of authors. Incorporate notes in the correct 
numerical sequence with the references. Footnotes are not used.

Journal article examples

Article with two authors example:

Tinworth, C. P., & Young, R. J. (2020). Facts, Patterns and Principles in Drug 
Discovery: appraising the Rule of 5 with measured physicochemical data. Journal 
of Medicinal Chemistry. doi:10.1021/acs.jmedchem.9b01596

Sahin, Z., Ertas, M., Berk, B., Biltekin, S. N., Yurttas, L., & Demirayak, S. (2018). 
Studies on non-steroidal inhibitors of aromatase enzyme; 4-(aryl/heteroaryl)-2-
(pyrimidin-2-yl)thiazole derivatives. Bioorganic & Medicinal Chemistry, 26(8), 
1986–1995. doi:10.1016/j.bmc.2018.02.048.

Articles up to 6 authors should be given examples as above, and articles with more 
than 6 authors should be given as et al. after sixth author.
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APA Style examples:

2.2.8 Tables. Tabulation of experimental results is encouraged when this leads 
to more effective presentation or to more economical use of space. Tables should 
be numbered consecutively in order of citation in the text with Arabic numerals. 
Footnotes in tables should be given italic lowercase letter designations and cited 
in the tables as superscripts. The sequence of letters should proceed by row rather 
than by column. If a reference is cited in both table and text, insert a lettered foot-
note in the table to refer to the numbered reference in the text. Each table must 
be provided with a descriptive title that, together with column headings, should 
make the table self-explanatory. Titles and footnotes should be on the same page 
as the table. Tables may be created using a word processor’s text mode or table 
format feature. The table format feature is preferred. Ensure each data entry is in 
its own table cell. If the text mode is used, separate columns with a single tab and 
use a return at the end of each row. Tables may be inserted in the text where first 
mentioned or may be grouped after the references.

2.2.9 Figures, Schemes/Structures, and Charts. The use of illustrations to 
convey or clarify information is encouraged. Structures should be produced with 
the use of a drawing program such as ChemDraw. Authors using other drawing 
packages should, in as far as possible, modify their program’s parameters so that 
they conform to ChemDraw preferences. Remove all color from illustrations, ex-
cept for those you would like published in color. Illustrations may be inserted into 
the text where mentioned or may be consolidated at the end of the manuscript. If 
consolidated, legends should be grouped on a separate page(s). Include as part of 
the manuscript file.

To facilitate the publication process, please submit manuscript graphics using the 
following guidelines:

1. The preferred submission procedure is to embed graphic files in a Word docu-
ment. It may help to print the manuscript on a laser printer to ensure all artwork 
is clear and legible.

2. Additional acceptable file formats are: TIFF, PDF, EPS (vector artwork) or CDX 
(ChemDraw file). If submitting individual graphic files in addition to them being 
embedded in a Word document, ensure the files are named based on graphic func-
tion (i.e. Scheme 1, Figure 2, Chart 3), not the scientific name. Labeling of all figure 
parts should be present and the parts should be assembled into a single graphic.

EPS files: Ensure that all fonts are converted to outlines or embedded in the graph-
ic file. The document settings should be in RGB mode. NOTE: While EPS files are 
accepted, the vector-based graphics will be rasterized for production. Please see 
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below for TIFF file production resolutions.

3. TIFF files (either embedded in a Word doc or submitted as individual files) 
should have the following resolution requirements:

- Black & White line art: 1200 dpi

- Grayscale art (a monochromatic image containing shades of gray): 600 dpi

- Color art (RGB color mode): 300 dpi

· The RGB and resolution requirements are essential for producing high-quality 
graphics within the published manuscript. Graphics submitted in CMYK or at 
lower resolutions may be used; however, the colors may not be consistent and 
graphics of poor quality may not be able to be improved.

· Most graphic programs provide an option for changing the resolution when you 
are saving the image. Best practice is to save the graphic file at the final resolution 
and size using the program used to create the graphic.

4. Graphics should be sized at the final production size when possible. Single col-
umn graphics are preferred and can be sized up to 240 points wide (8.38 cm.). 
Double column graphics must be sized between 300 and 504 points (10.584 and 
17.78 cm’s). All graphics have a maximum depth of 660 points (23.28 cm.) includ-
ing the caption (please allow 12 points for each line of caption text).

Consistently sizing letters and labels in graphics throughout your manuscript will 
help ensure consistent graphic presentation for publication.

2.2.10 Image Manipulation. Images should be free from misleading manipu-
lation. Images included in an account of research performed or in the data col-
lection as part of the research require an accurate description of how the images 
were generated and produced. Apply digital processing uniformly to images, with 
both samples and controls. Cropping must be reported in the figure legend. For 
gels and blots, use of positive and negative controls is highly recommended. Avoid 
high contrast settings to avoid overexposure of gels and blots. For microscopy, 
apply color adjustment to entire image and note in the legend. When necessary, 
authors should include a section on equipment and settings to describe all im-
age acquisition tools, techniques and settings, and software used. All final images 
must have resolutions of 300 dpi or higher. Authors should retain unprocessed 
data in the event that the Editors request them.

2.3 Specialized Data

2.3.1 Biological Data. Quantitative biological data are required for all tested 
compounds. Biological test methods must be referenced or described in sufficient 
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detail to permit the experiments to be repeated by others. Detailed descriptions of 
biological methods should be placed in the experimental section. Standard com-
pounds or established drugs should be tested in the same system for comparison. 
Data may be presented as numerical expressions or in graphical form; biological 
data for extensive series of compounds should be presented in tabular form.

Active compounds obtained from combinatorial syntheses should be resynthe-
sized and retested to verify that the biology conforms to the initial observation. 
Statistical limits (statistical significance) for the biological data are usually re-
quired. If statistical limits cannot be provided, the number of determinations and 
some indication of the variability and reliability of the results should be given. 
References to statistical methods of calculation should be included.

Doses and concentrations should be expressed as molar quantities (e.g., mol/kg, 
μmol/kg, M, mM). The routes of administration of test compounds and vehicles 
used should be indicated, and any salt forms used (hydrochlorides, sulfates, etc.) 
should be noted. The physical state of the compound dosed (crystalline, amorphous; 
solution, suspension) and the formulation for dosing (micronized, jet-milled, na-
noparticles) should be indicated. For those compounds found to be inactive, the 
highest concentration (in vitro) or dose level (in vivo) tested should be indicated.

If human cell lines are used, authors are strongly encouraged to include the fol-
lowing information in their manuscript:

· the cell line source, including when and from where it was obtained;

· whether the cell line has recently been authenticated and by what method;

· whether the cell line has recently been tested for mycoplasma contamination.

2.3.2 Purity of Tested Compounds.

Methods: All scientifically established methods of establishing purity are accept-
able. If the target compounds are solvated, the quantity of solvent should be in-
cluded in the compound formulas. No documentation is required unless asked by 
the editors.

Purity Percentage:  All tested compounds, whether synthesized or purchased, 
should possess a purity of at least 95%. Target compounds must have a purity of 
at least 95%. In exceptional cases, authors can request a waiver when compounds 
are less than 95% pure. For solids, the melting point or melting point range should 
be reported as an indicator of purity.

Elemental analysis: Found values for carbon, hydrogen, and nitrogen (if present) 
should be within 0.4% of the calculated values for the proposed formula.
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2.3.3 Confirmation of Structure. Adequate evidence to establish structural 
identity must accompany all new compounds that appear in the experimental sec-
tion. Sufficient spectral data should be presented in the experimental section to 
allow for the identification of the same compound by comparison. Generally, a 
listing of 1H or 13C NMR peaks is sufficient. However, when the NMR data are 
used as a basis of structural identification, the peaks must be assigned.

List only infrared absorptions that are diagnostic for key functional groups. If a se-
ries contains very closely related compounds, it may be appropriate merely to list 
the spectral data for a single representative member when they share a common 
major structural component that has identical or very similar spectral features.

3. Submitting the Manuscript

3.1 Communication and log in to Author’s Module All submissions to Acta 
Pharmaceutica Sciencia should be made by using e-Collittera (Online Article Ac-
ceptance and Evaluation) system on the journal main page (www. actapharmsci.
com)

3.2 Registration to System It is required to register into the e-Collittera sys-
tem for the first time while entering by clicking “Create Account” button on the 
registration screen and the fill the opening form with real information. Some of 
the information required in form is absolutely necessary and the registration will 
not work if these fields are not completely filled.

After the registration, a “Welcome” mail is sent to the user by the system automati-
cally reminding user name and password. Authors are expected to return to the en-
try screen and log on with their user name and password for the submission. Please 
use only English characters while determining your username and password.

If you already registered into the e-Collittera system and forget your password, 
you should click on “Forgot My Password” button and your user name and pass-
word will be mailed to your e-mail in a short while.

3.3 Submitting A New Article The main page of author module consists of 
various parts showing the situation of manuscripts in process. By clicking the 
New Manuscript button, authors create the beginning of new submission, a pro-
cess with a total of 9 consecutive levels. In first 7 levels, information such as the 
article’s kind, institutions, authors, title, summary, keywords etc. are asked re-
spectively as entered. Authors can move back and forth while the information is 
saved automatically. If the is transaction is discontinued, the system move the 
new submission to “Partially Submitted Manuscripts” part and the transaction 
can be continued from here.
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3.1.1 Sort of Article Authors should first select the type of article from the drop 
down menu.

Warning. If “Return to Main Page” button is clicked after this level, the article 
automatically assined as “Partially Submitted Manuscripts”.

3.2.2 Institutions  Authors should give their institutional information during 
submission.

3.2.3 Authors The authors’ surnames, names, institutional information appear 
as entered order in the previous page. Filling all e-mail adresses are required. In-
stitutional information is available in Manuscript Details table at the top of the 
screen. After filling all required fields, you may click the Continue button.

3.2.4 Title should be English, explaining the significance of the study. If the title 
includes some special characters such as alpha, beta, pi or gamma, they can easily 
be added by using the Title window. You may add the character by clicking the 
relevant button and the system will automatically add the required character to 
the text.

Warning. No additions to cornered parenthesis are allowed. Otherwise the sys-
tem will not be able to show the special characters.

3.2.5 Abstract The summary of the article should be entered to Abstract win-
dow at this level. There must be an English summary for all articles and the quan-
tity of words must be not more than 200. If special characters such as alpha, beta, 
pi or gamma are used in summary, they can be added by Abstract window. You 
may add the character by clicking the relevant button and the system will auto-
matically add the required character to the text. The abstract of the articles are 
accessible for arbitrators; so you should not add any information related to the 
institutions and authors in this summary part. Otherwise the article will returned 
without evaluation. Authors will be required to comply with the rules.

Warning. No additions to cornered parenthesis are allowed. Otherwise the sys-
tem will not be able to show the special characters.

3.2.6 Keywords There must be five words to define the article at the keywords 
window, which will diverged with commas. Authors should pay attention to use 
words, which are appropriate for “Medical Subjects Headings” list by National 
Library of Medicine (NLM).

3.2.7 Cover Letter If the submitting article was published as thesis and/or pre-
sented in a congress or elsewhere, all information of thesis, presented congress or 
elsewhere should be delivered to the editor and must be mentioned by the “Cover 
Letter” field.
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3.3.1 Adding Article This process consists four different steps beginning with 
the loading of the article in to system. Browse button is used to reach the article 
file, under the Choose a file to upload tab. After finding the article you may 
click to Choose File and file will be attached.

Second step is to select the file category. Options are: Main Document, Black and 
White Figure, Color Figure and Video.

The explanation of the files (E.g.. Figure 1, Full Text Word File, supplements etc.) 
should be added on third step and the last step is submitting the prepared arti-
cle into the system. Therefore, Download button under the Send your file by 
clicking on download button tab is clicked.

Reminder If the prepared article includes more than one file (such as main doc-
ument, black and white figure, video), the transaction will be continued by start-
ing from the first step. The image files must be in previously defined format. After 
all required files were added, Continue button should be clicked. All details and 
features of the article might be reached from the Article Information page.

This page is the last step of the transaction which ensures that entered informa-
tion is controlled.

3.3.2 Your Files After adding the article you may find all information related to 
article under Your Files window.

File Information This window includes file names, sizes, forming dates, catego-
ries, order numbers and explanations of files. The details about the files can be 
reached by clicking on Information button.

If you click on Name of File, the file download window will be opened to reach 
the copy of the file in system.

File Download This window submits two alternatives, one of them is to ensure 
the file to be opened in valid site and the second one is to ensure to download sub-
mitted file into the computer.

Opening the Category part on fourth column can change the category of the file.

Opening the Order column on fifth column can change the order of file.

The file can be deleted by clicking on Delete button on the last column. Before 
deleting, system will ask the user again if it’s appropriate or not.

3.3.3 Sending Article Last level is submitting the article and the files into the system. 
Before continuing the transaction, Article Information window must be controlled 
where it is possible to return back; by using Previous button and required corrections 
can be made. If not, clicking the Send the Article button completes transaction.
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3.3.4 Page to Follow The Article The Main Page of Author ensures possibility 
to follow the article. This page consists three different parts; some information 
and bridges related to the sent articles, revision required articles and the articles 
that are not completed to be sent.

3.3.4.1 Articles Not Completed to be Sent After the sending transaction was 
started, if article is not able to continue until the ninth step or could not be sent 
due to technical problems shown at this part. Here you can find the information 
such as the article’s number which is assigned by system, title and formation date. 
You may delete the articles by using Delete button on the right column, if the 
article is not considered to send into the system.

3.3.4.2 Articles That Require Revision  Articles, which were evaluated by 
the referee and accepted by the editor with revision, continues to Waiting for 
Revision table.

The required revisions can be seen in “Notes” part by clicking the articles title.

In order to send any revision,  Submit Revision  button on the last column 
should be clicked. This connection will take the author to the first level of Adding 
Article and the author can complete the revision transaction by carrying out the 
steps one by one. All changes must be made in the registered file and this changed 
file must be resent. Author’s most efficacious replies relating to the changes must 
be typed in “Cover Letter” part.

If the is transaction is discontinued, the system move the revised article to Sub-
mitted Manuscripts part and the transaction can be continued from here.

After the transaction was completed, the system moves the revised article to “Sub-
mitted Manuscripts” part.

3.3.5 Submitted Manuscripts Information related to articles can be followed 
through the Submitted Manuscripts line. Here you can find the information 
such as the article’s number assigned by system, title, sending date and transac-
tion situation. The Manuscript Details and summary files can be reached by 
clicking the title of the article and the Processing Status part makes it possible 
to follow the evaluation process of the article.

Article review process

Articles uploaded to the Manuscript submission system are checked by the journal 
administration for format consistency and similarity rate which is required to be 
less  than 20%. Then sent to the chief editor if found appropriate. 
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Articles that are not suitable are sent back to the author for correction and re-sub-
mit (sent back to the author). Studies that have not been prepared using the draft 
for submitting to Acta Pharmaceutica Sciencia “acta_msc_tmp” and that have not 
been adapted in terms of format, will be directed to the editor-in-chief, after the 
3rd time, by giving the information that “the consistency requirements have not 
been met”.

The manuscripts sent to the chief editor will be evaluated and sent to the “lan-
guage and statistics editor” if deemed appropriate. 

Studies found appropriate after language-statistics editor will be sent to field edi-
tors. If the field editor does not deem it appropriate after evaluating the article 
scientifically, he/she will inform the editor-in-chief of its negative comments, oth-
erwise, at least two independent referee comments will be asked. 

Authors should consider that this time may take time because of the reviewer as-
signments and acceptance for review may take time for some cases. 

Our review system is double-blind. The editor, who evaluates according to the 
comments of the referees, submits his/her comment and suggestion to the editor-
in-chief. In this way, the article takes one of the acceptance, rejection, or revision 
decisions. In the case of revision, after the author revises, the editor submits his/
her final opinion to the editor in chief. Editor-in-Chief conveys his final decision to 
the author. After the accepted articles are subjected to the final control by the jour-
nal and the corresponding author, the article starts to be included in the “accepted 
papers” section by giving the inactive DOI number. When the article is placed in 
one of the following issues, the DOI number will be activated and displayed in the 
“current issue” section on the journal homepage.
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Investigating the stress effects on 
Fexofenadine hydrochloride and Montelukast 
sodium in bulk and tablet dosage form using a 
validated LC-DAD method
C.N. Nalini1*, G. Vinoth1, P. Guganathan1

1	Department of Pharmaceutical Analysis, C.L. Baid Metha College of Pharmacy, Chennai-97.

INTRODUCTION

Fexofenadine hydrochloride (FEX) is chemically 2-[4-[1-hydroxy-4-[4-hydroxy 
(diphenyl) methyl] piperidin-1-yl] butyl] phenyl]-2-methylpropanoic acid (fig-
ure 1) with amolecular mass of 501.68 g/mol and log P value of 2.81.1 It is an 
second generation antihistaminic agent used for the symptomatic relief of nasal 

ABSTRACT

The main aim was to develop RP-HPLC method for the simultaneous estimation 
of Fexofenadine hydrochloride and Montelukast sodium in tablet dosage form. 
A mobile phase comprising solvent A as 0.1% v/v trifluoroacetic acid in water and 
solvent B as acetonitrile with methanol in the ratio of 2:3% v/v was used and the 
flow was set in a gradient mode with a stationary phase of phenyl-hexyl silica col-
umn (150 × 4.6 mm, 5µ i.d).The detection wavelength is 254 nm using PDA detector. 
The method was validated according to ICH parameters. The results denote that the 
method is linear and within the range of 60-180 µg/ml for Fexofenadine and 5-15 µg/
ml for Montelukast with the r2 of 0.9998 and 0.9999 respectively. The degradants 
peaks non-interfered with main peaks. The developed method is acceptable for the 
determination of Fexofenadine and Montelukast in routine analysis of dosage form.
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congestion, itching, management and treatment of diseases like chronic urti-
caria and allergic rhinitis.2,3

Figure 1. Structure of Fexofenadine hydrochloride

Montelukast sodium (MON) is chemically 2-[1-[[(1R)-1-[3-[(E)-2-(7-chloroqui-
nolin-2-yl) ethenyl] phenyl]-3-[2-(2-hydroxypropan-2yl) phenyl] propyl] sulfa-
nylmethyl] cyclopropyl] acetic acid (figure 2) with a molecular weight of 586.187 
g/mol and log P value of 7.94. It is an anti-asthmatic agent and cysteinyl leukot-
riene receptor antagonist which slackens the inflammation mediating action ex-
erted by immune system and averts broncho constriction as well asinflammation 
in respiratory diseases5. FEX and MON in combined tablet dosage form areused 
for the treatment of tenacious allergic rhinitis, prurigo nodularis and pemphigoid 
nodularis. Fexofenadine is a non-sedating agent possessing inflammatory medi-
ating action like MON. Both the drugs in concomitant dosage for mareused in the 
treatment of allergic reactions and inflammatory mediating actions6. 

Figure 2. Structure of Montelukast sodium
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A number of researchers have reported various analytical techniques for the de-
termination of FEX and MON either alone or in combination from different matri-
ces. These methods include electrometric titration7,8,spectrometric methods such 
as colorimetry8-13, UV-spectrometry14-22,spectrofluorimetry23-25,chromatographic 
techniques like Thin Layer Chromatography 26,High Performance Thin Layer 
Chromatography27,28, High Performance Liquid Chromatography22,29-56,Ultra 
Pressurized Liquid Chromatography57,58,Hyphenated techniques such as Liquid 
chromatography- mass spectrometry59-63and capillary electrophoresis 62.Official 
HPLC methods are available for both the drugs individually in USP63, 64. Applica-
tion of reported USP monograph method of Fexofenadine for the simultaneous 
estimation of FEX and MON fetched no peak for MON. Alternatively application 
of official USP method of MON for the determination of two drugs simultaneously 
resulted inpoor separation of two peaks. Reported stability indicating assay meth-
ods for simultaneous estimation of two drugs by HPLC33-37using C18 and C8 analyti-
cal column, present the main peaks very near to the dead volume and the separa-
tion of degradants peaks were not clear due to co-elution with the main peaks.

In our present work, an ion pair agent was used in HPLC stability indicating as-
say to get good peak shapes. Reported stability indicating methods make use of 
C18/C8 column for the separation of two drugs where there are hydrogen bond 
interactions. Comparatively in our method phenyl-hexyls silica column65was 
used which exhibited both hydrogen bond as well as aromatic interactions. In 
order to obtain the complete separation of degradants peak from the significant 
main peaks the retention time values of both the analytes should be well sepa-
rated so that there may not be overlapping of peaks. Also the gradient mode of 
separation prevents co-elution of degradants with the main peaks. Based on 
the log P values (non-polar) of both the drugs, it can be predicted that usage of 
more organic modifiers will result in poor resolution leading to the concurrent 
elution of the degradants along with the main peaks66. The developed method 
was validated according to ICH guidelines with the parameters like accuracy, 
linearity, precision, robustness, specificity, system suitability, etc.67

METHODOLOGY

Chemicals and Reagents. 

Methanol (HPLC grade obtained from Finar, Mumbai, India), Acetonitrile 
(HPLC grade obtained from Finar, Mumbai, India), Trifluoroacetic acid, Sodi-
um hydroxide, 30% Hydrogen peroxide, Hydrochloric acid (Analytical Reagent 
grade obtained from Rankem, Mumbai, India) and Milli Q water as double dis-
tilled water and membrane filters 0.45µm as membrane filters from Millipores 
Ltd, Banglore, India.
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Instruments and Software

Chromatography study was performed in Empower software with Waters 2695 
separations module with Photodiode array detector 2996 with a quaternary 
pump and autosampler injections. Separation was carried out using Phenon-
omenex, Phenyl-hexyl silyl column (150 × 4.6 mm, Luna 5µ i.d.) obtained from-
Hyderabad, India. Analytical balance (semi-micro) Shimadzu AUW220D from 
Chennai, India. Ultrasonicator (LMUC-12) Spectrum tek from Chennai, India, 
Digital pH meter (PH12-5p-920) spectrum tek from, Hot air oven from Inlab 
equipment Pvt. Ltd. from Chennai, India.

Methods

Pure Standards

FEX and MON were obtained from Vital laboratories Pvt. Ltd, Gujarat, India 
with percentage purity of 99.07% (CAS No-153439-40-8) and 98.12% (CAS 
No 151767-02-1) respectively.

Pharmaceutical Formulation

Generic tablets of FEX (120 mg) and MON(10 mg) were obtained from the 
manufacturer Saimirra innopharm Pvt. Ltd., Chennai, India

Preparation of stock and working solutions

A stock solution of FEX (1.2 mg/ml) and MON (0.1 mg/ml) was prepared by ac-
curately weighing 120.0 mg of FEX and 10.0 mg of MONusing Methanol: water 
(3:1) as diluent. Working standard solution was prepared in the concentration 
of FEX (120 µg/ml) and MON (10 µg/ml). 

Chromatographic conditions

Chromatographic separation was carried out using (Phenomenex) Phenyl-
hexyl silyl column (150 × 4.6 mm, Luna 5µ i.d.) in gradient mode. The mobile 
phase used was Solvent A: 0.1% v/v trifluoroacetic acid in water and solvent B: 
Acetonitrile: Methanol (2:3). Flow rate of 1.5 ml/min was maintained with an 
injection volume of 15 µl and thedetection was set at 254 nm using PDA detec-
tor. Prepared mobile phase was filtered using 0.45 µm Milli pore membrane 
filter. Total run time is 22.0 min, where the gradient elution is maintained at0-
5mins solvent A is 48% and solvent B is 52%, at 10-17mins solvent A is 35% and 
solvent B is 65% and after 20 min the gradient comes back to initial condition. 
Chromatographic separation was carried out in ambient condition.
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Calibration curve

From the stock solution, serial dilutions were made to prepare working stand-
ard solutions of FEX and MON in the concentration range of 60-180 µg/ml 
and 5-15 µg/ml respectively. A calibration curve is constructed with area versus 
concentration in microgram/ml.

Preparation of Sample Solution

Twenty tablets were finely powdered and sample solutions were prepared by 
accurately weighing a weight equivalent to 120 mg of FEX and 10 mg of MON 
and further dilutions were made to give concentration of 120 µg/ml and 10 µg/
ml respectively.

Forced Degradation Studies 

Forced degradation is stress testing and the dosage form is subjected to forced 
degradation using accelerated environmental conditions. Various impurities 
which arise during the storage of drug products in different environmental 
conditions can be studied using these stress studies. It also helps to calculate 
the inherent stability of the molecule, to determine the degradation pathways 
and endorses the stability indicating assay67. In this study the combined dosage 
form of FEX and MONwas exposed to degradation studies like acid hydrolysis, 
alkaline hydrolysis, thermal degradation, oxidative degradation and photolytic 
degradation

Acid hydrolysis

Acid hydrolysis was carried out in 807 mg of powdered tablet which is treated 
with 5 ml of 0.1N hydrochloric acid in a 100 ml volumetric flask.  The volumet-
ric flask was heated on a water bath at 60°c for 2 hours and allowed to cool. 
Neutralized the solution with 5 ml of 0.1N sodium hydroxide and diluted the 
volume with diluent. Final solution was made up to the concentration of FEX 
(120 µg/ml) and MON (10µg/ml) with diluent. 

Alkaline hydrolysis

Accurately weighed 807 mg of powdered tablet and transferred to a 100 ml volu-
metric flask to which 5 ml of 0.1N sodium hydroxidewas added. The flask was 
heated on a water bath at 60°c for 2 hours and allowed to cool. Neutralization 
was carried out using 5 ml of 0.1N hydrochloric acid andmade up to volume with 
diluent to give a final concentration of FEX (120µg/ml) and MON (10µg/ml).

Thermal degradation

Accurately weighed 807 mg of powdered tablet and it was exposed to 105°c for 
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2 hours in hot air oven. Sample was allowed to cool and transferred to 100 ml of 
volumetric flask, the volume was made up with thediluent to give a concentra-
tion of FEX (120 µg/ml) and MON (10µg/ml).

Oxidative degradation

Oxidative degradation was carried out using 5 ml of 30% hydrogen peroxide 
(H2O2) to 807 mg of sample in 100 ml volumetric flask. Heated the flask on 
water bath for 2 hours at 60°c and allowed to cool. Final concentration of FEX 
(120µg/ml) and MON (10µg/ml) were prepared with diluent.

Photolytic degradation

Accurately weighed 807 mg of powdered tablet sampleand it wasexposed to 
sunlight for 2 hours, allowed to cool and transferred to volumetric flask. The 
final solution was made up with diluentto give a concentration of FEX (120 µg/
ml) and MON (10µg/ml).

All the prepared solutions were injected in chromatographic system and the 
chromatograms were recorded for degradation studies.

RESULTS and DISCUSSION

Method development

Chromatographic conditions such as analytical column, mobile phase, flow 
rate, column temperature, sample temperature, detection wavelength were op-
timized for better separation of main peaks with degradants peaks. 

Various mobile phase compositions, detection wavelength and analytical col-
umn from the reported methods33-37and official monograph methods63,64 were 
tried during method development. While trying thefirst two reported methods 
with mobile phase composition of Phosphate buffer pH 6.0: Methanol (25:75) 
and 0.1% Triethylamine: Acetonitrile (30:70), good peak shape was obtained 
in both the methods butthe resolution factor and plate countwere less showing 
non-compliant intermediate precision.  Third trial was with mobile phase ra-
tio of ortho phosphoric acid and methanol (40:60) using C8 analytical column, 
which yield eda poor resolution where there is a possibility of overlapping of 
degradants peak with that of analytes. After several trials, the chromatograph-
ic conditions were optimized as given and used in gradient mode: the mobile 
phase - 0.1% trifluoroacetic acid in water (Solvent A), acetonitrile with metha-
nol (2:3) (Solvent B). FEX is less non-polar than the MON, so between 0-5 min 
Fexofenadine got eluted from the column and in5-17 min MONgot eluted due 
to increased non-polarity in mobile phase. Gradient mode was followed for the 
better separation of two peaks, so that the degradants peak can be well defined 
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by avoiding co-elution in forced degradation assay. The detection wavelength 
was set by isobestic point of two drug molecules in UV spectroscopy. The results 
of quantitative estimation are given in Table1 and %RSD was less than 2%. The 
standard chromatogram is shown in the figure 3.

Figure 3.Chromatogram of 100% concentration of (120 µg/ml) Fexofenadine hydrochloride 
and (10 µg/ml) Montelukast sodium.

Table 1. Quantitative estimation of FEX and MON.

S.No Sample Name Retention Time Amount present (%)

FEX MON FEX MON

1 Standard 3.338 12.048 110.31 101.11

2 Sample 1 3.332 12.056 98.25 99.31

3 Sample 2 3.334 12.045 99.56 100.31

Validation of the Method

The developed method was validated according to ICH guidelines68.

System suitability

System suitability was carried out by injecting six replicates of standard solu-
tion containing 120 µg/ml of FEX and 10 µg/ml of MON. The parameters like 
retention time (tR), theoretical plates (N) and peak reproducibility are reported 
in Table 2.

Table 2. System suitability parameters for FEX and MON.

Parameter
Response

FEX MON

tR (min)& (RSD %) 3.290&(0.08) 12.006&(0.05)

Theoretical plates 3894 42733

Tailing factor 1.30 1.20



194 Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

Linearity& Range

Determination of linearity of the method was executed by plotting the calibration 
curve of peak area versus the concentration range of 60-180 µg/ml FEX and 5-15 
µg/ml MON. Result of linearity was statistically examined by correlation coefficient, 
slope of the regression line and y- intercept. The data are presented in Table 3.

Table 3. Calibration data for FEX and MON.

Parameters
Response

FEX MON

Range 60.00-180.00 µg/ml 5.00-15.00 µg/ml

Slope 12419.70 144000.00

Intercept 670.68 121.30

y-intercept 0.45 0.08

R2 0.9998 0.9999

Accuracy

Accuracy of the method was determined by preparing three known concentra-
tions of FEX and MON comprising60 & 5 µg/ml, 120 & 10 µg/ml and 180 & 
15 µg/ml respectively representing 50%, 100% and 150% of working standard 
solution. Prepared solutions were injected into HPLC in triplicate manner and 
the results are reported in Table4. Results show that relative standard deviation 
(%RSD) was found to be less than 2.

Table 4. Accuracy of the proposed method at three different concentrations of FEX and MON.

Concentration % Amount added (mg) Amount found (mg) Recovery (%)
Mean % Recovery 

(%RSD)

FEX MON FEX MON FEX MON FEX MON

50%

0.060 0.005 0.059 0.005 98.33 100.23

98.32%
(0.03%)

102.75%
(1.73%)

0.058 0.005 0.057 0.006 98.27 104.01

0.061 0.005 0.060 0.005 98.36 104.01

100%

0.121 0.010 0.119 0.010 99.16 98.05

99.71%
(1.41%)

98.71%
(0.47%)

0.120 0.011 0.122 0.010 101.66 99.09

0.120 0.010 0.118 0.009 98.33 99.00

150%

0.183 0.015 0.185 0.015 101.09 102.03

100.36%
(1.03%)

99.60%
(1.73%)

0.182 0.016 0.180 0.015 98.90 98.12

0.181 0.015 0.183 0.014 101.10 98.66

Mean 99.46% 
(0.82%)

100.35%
(1.31%)
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Precision

The precision of the method was calculated by executing intra-day and inter-
day precision at 100%concentration (120 µg/ml of FEX and 10 µg/ml of MON). 
Six injections of the above solutions were injected into HPLC system at some 
other time of the same day for intra-day precision. For inter-day precision, 
100% solutions were injected six times by different analyst on different day. 
The results showed that the % relative standard deviation (%RSD) was less than 
2% and are reported in Table 5.

Table 5. Precision of the proposed method for FEX and MON.

Parameters
Amount added (mg) Amount found (mg) Recovery (%)

Mean % Recovery 
(%RSD)

FEX MON FEX MON FEX MON FEX MON

Intra-day 
precision

0.120 0.011 0.118 0.010 98.33 99.09

99.17 %
(1.27%)

98.92 %
(0.96%)

0.122 0.010 0.119 0.009 97.54 98.01

0.118 0.012 0.117 0.012 99.15 100.82

0.123 0.011 0.124 0.011 100.81 99.14

0.122 0.010 0.120 0.010 98.36 98.14

0.120 0.012 0.121 0.011 100.83 98.34

Inter-day 
precision

0.123 0.010 0.125 0.011 101.62 101.85

101.10 %
(0.91%)

100.45%
(1.27%)

0.117 0.012 0.119 0.012 101.70 101.62

0.120 0.010 0.121 0.010 100.83 100.94

0.121 0.012 0.123 0.012 101.65 100.80

0.120 0.011 0.119 0.011 99.16 99.15

0.120 0.012 0.122 0.012 101.66 98.37

Mean 100.14%
(1.09%)

99.68%
(1.12%)

Robustness

Robustness was calculated by making intentional small changes in the param-
eters of assay method. It was checked by changes in flow rate (±0.2 ml/min) 
and wavelength (±2 nm). The results are reported in Table 6 and it is shown 
that the intentional changes do not affect the method.
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Table 6. Robustness of the proposed method for FEX and MON.

Variation para-
meters

Accuracy %a ±SD Relative Standard Deviation (%RSD)

FEX MON FEX MON

Flow rate (±0.2 ml/min)

1.3 ml/min 101.82 ± 1.4 101.04 ± 0.8 0.86% 0.49%

1.7 ml/min 100.49 ± 1.6 99.57 ± 1.7 0.73% 0.74%

Wavelength (± 2nm)

252 nm 103.34 ± 1.8 106.11 ± 1.5 0.87% 0.68%

256 nm 101.61 ± 1.2 101.17 ± 0.8 0.63% 0.66%

Specificity

Specificity is the capacity of the method to determine univocally the analyte in 
the sample in presence of excipients, impurities and degradation products. In 
present study specificity study was conducted by the forced degradation of the 
analyte molecule. All the samples were exposed to stress conditions such as acid 
hydrolysis, alkaline hydrolysis, thermal degradation, oxidative degradation and 
photolysis for about 2 hours. The results are reported in Table7 with % of deg-
radation and recovery of analyte with peak purity. The forced degradation chro-
matograms are featured in Figure4-8. Though various unknown peaks, placebo 
peaks and a blank peak appeared in the chromatogram, the peak purity values 
show that the degraded products do not affect the purity of principle peaks of 
both analytes. Unknown peak 1 was found to be Fexofenadine related compound 
A with reference to the spectral index results of Radhakrishna and co-workers.69

Figure 4. Chromatogram after acid degradation.
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Figure 5.Chromatogram after alkaline degradation.

Figure 6.Chromatogram after Oxidative degradation.
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Figure 7.Chromatogram after Photolytic degradation.

Figure 8.Chromatogram after Thermal degradation.

Table 7. Specifity of the proposed method FEX and MON after forced degradation.

Degradation 
condition

Recovery % Degradation %a Peak purity Threshold purity

FEX MON FEX MON FEX MON FEX MON

Acid 92.50 88.05 7.50 11.95 0.879 0.585 1.125 0.712

Alkali 94.70 96.20 5.30 3.80 0.778 0.545 1.058 0.705

Oxidative 86.50 91.30 13.50 8.70 0.895 0.515 1.180 0.762

Thermal 96.70 97.20 3.30 2.80 0.775 0.543 1.111 0.722

Photolysis 97.20 84.66 2.80 15.34 0.787 0.589 1.021 0.798
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Gampa vijaya kumar and co-workers33did not observe any additional peaks in 
the chromatogram of degraded FEX and MON. In the present study FEXhighly 
degraded in oxidative degradation condition (30% hydrogen peroxide solu-
tion) as similar to Maher and Co-partner work29. Rameezuddin and collabora-
tors34reported a very less oxidative degradation of 5.3% due to the usage of 3% 
hydrogen peroxide solution for FEX.Rajeev kumar and confederates35did not 
observe any supplementary peaks in the chromatogram of degradation wherea-
sin the same degradation conditions unknown additional peaks were observed 
in the chromatogram of present study. Montelukast sodium is highly degraded 
in photolytic degradation study which is showing a similar response like the 
report of Juliana roman and co-partners 32. The reason for high photo-degrada-
tion is that MON is a photosensitive compound 70

Solution stability

Solution stability is the stability of standard and sample solutions which are 
injected into the HPLC system. The solvent used for sample solution has chanc-
es to decompose the chemical compound during sample preparation process. 
Normally, a degradation of 2% is allowed for solution stability from its initial 
condition 71. Both the standard and sample solutions were found to be stable up 
to 25 hours.

Filter integrity

Filter integrity study is used to determine that the filters are used for the intend-
ed purpose and does not interfere in analysis. Filters such as nylon membrane, 
Teflon, Polyvinylidene fluoride, Polytetrafluoroethylene membrane filters were 
used during the sample preparation. None of the above filters used were found 
to interfere with study. Results are reported in Table8

A simple, rapid, precise stability indicating assay method using RP-HPLC for 
the determination of FEX and MONin tablet dosage form was developed. The 
proposed method was validated according to ICH guidelines with the valida-
tion parameters such as accuracy, precision, robustness, intra-day , inter-day 
precision and specificity. The percentage degradation was within the limit for 
commercial tablets and the degraded peaks do not interfere with significant 
main peaks. The proposed method can be used for routine analysis and quality 
control analysis of pharmaceutical preparations. The identification of unknown 
impurity peaks may be taken up as further research in this study.
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Table 8. Filter integrity of the method.

S.No Filter Integrity
% Deviation from the initial area

FEX MON

1 Centrifuge - -

2 PVDF 0.45 µm (Polyvinylidene fluoride) 2.40 0.84

3 Nylon 0.45 µm 2.33 1.23

4 PTFE 0.45 µm (Polytetrafluoroethylene) 2.73 1.29
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Assessment of Salmonella spp. and 
Mold-Yeast Contamination in Packaged 
and Unpackaged Spices
Ayşe Hümeyra İslamoğlu*, B. İrem Omurtag Korkmaz 
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INTRODUCTION

Spices are used in many areas in the food industry. They may undergo microbial 
contamination that may threaten human health due to inadequate or unhygien-
ic conditions at the stages of collection, processing, and storage 1,2. The contami-
nation may occur from the soil, air, and water during collection and drying or 
due to animal waste in the environment, as well as using contaminated equip-

ABSTRACT

In this study packaged (n=15) and unpackaged (n=15) spices including black pepper, 
oregano, peppermint, red pepper, cinnamon were collected and analyzed microbio-
logically. Mold-yeast contents of packaged samples were 1.07×104 cfu/g in red pep-
per, 1.75×104 cfu/g in black pepper, 7.72×104 cfu/g in peppermint, 8.21×103 cfu/g in 
cinnamon, 4.37×104 cfu/g in oregano, whereas unpackaged samples were 7.82×103 
cfu/g in red pepper, 7.62×103 cfu/g in black pepper, 4.35×104 cfu/g in peppermint, 
5.54×103 cfu/g in cinnamon, 4.21×104 cfu/g in oregano. Salmonella spp. was not 
found in any of the samples. When comparing the mold-yeast content of packaged 
and unpackaged samples, the difference in the level of contamination between the 
two groups did not show statistical significance (p>0.01). Mold-yeast results of un-
packaged red pepper, black pepper, peppermint, oregano, and packaged pepper-
mint and oregano were above the maximum limits of Turkish Food Codex (TFC). 
Therefore, controlling mold and yeast content at the selling point is recommended.
Keywords: spice, contamination, mold, yeast, Salmonella spp.
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ment during production 3. These can lead to contamination of spices with mi-
croorganisms like Salmonella sp. mold and yeast 1.  Especially some types of 
mold and yeast can produce mycotoxins that cannot be degraded by cooking 
and threaten human health5.

Molds are capable to produce mycotoxins easily at room temperatures rang-
ing from 25°C to 30°C and moisture contents of above 16% 5. These toxins, 
which are generally effective even in trace amounts, can cause chronic diseases 
or acute deaths 6. Inappropriate storage directly affects the risk of mycotoxin 
proliferation, particularly, if spices were formerly contaminated with molds. 
Thus, monitoring of mold-yeast content at the selling point is critical to prevent 
from unhygienic storage. In former regulation of Turkish Food Codex mold-
yeast content of spices has been limited as 1x104 cfu/g 7, whereas this limit is 
discarded in current regulation8. However, the International Food Standards of 
Codex Alimentarius Commission still suggests a maximum limit of 1x103 cfu/g 
for mold-yeast in spices 9.

Besides the risk of mycotoxin related to mold-yeast contamination, Salmonella 
sp. contaminations, and related outbreaks were reported in spices, e.g. in black 
pepper10. Salmonella sp. is an important foodborne pathogen and most of the 
regulations suggest its absence in a food sample. According to the current mi-
crobiological criteria for spices in Turkish Food Codex 8, Salmonella should not 
exist in 25 g of sample, as well as in the International Food Standards, Codex 
Alimentarius Commission suggests the absence of Salmonella in spice9.

Traditionally, spices are added in most of the Turkish foods. It has been de-
termined that approximately 95% of people in Turkey use spices to increase 
flavor, to enhance the smell and appearance, and to make the dishes appetizing 

11. Three most commonly used spices in the country were red pepper, black pep-
per, and peppermint, respectively 12. However, the humidity of the climate in 
Turkey promotes the growth of mold and yeast in spices. Therefore, monitoring 
of the safety of spices seems to be important for the country.

As a consequence, the risk of microbial contamination in spices, this study 
aimed to investigate Salmonella spp. and the mold-yeast contents of five com-
monly used spices including; red pepper, black pepper, peppermint, cinnamon, 
oregano and compare the results of packaged and unpackaged ones. Limits set 
in the Turkish Food Codex (TFC) and Codex Alimentarius (CA) were also con-
sidered for the assessment of results.
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METHODOLOGY

Sampling collection

A total of 30 spice samples in unpacked (n=15) and packaged (n=15) form in-
cluding red pepper (dried-ground), black pepper (powder), peppermint (dried-
leaves), cinnamon (powder), and oregano (dried-leaves) were obtained from 
markets and stores locating in İstanbul, in April 2019. All spices were collected 
as three samples from each spice and with a minimum amount of 50 grams. The 
analysis of the samples was carried out in the Basic Health Sciences Laboratory 
of Faculty of Health Sciences, Marmara University.

Microbiological analyses

To prepare the samples for analysis, five grams from each of three spices were 
mixed in sterile plastic bags. Hence, a total of a 15-gram sample mixture was 
obtained for each type of spice. Prepared sample mixture was diluted with 135 
ml (1:9 ratio) of Peptone Water (PW, OXOID CM 009) for yeast-mold analyses 
and with Buffered Peptone Water (BPW, OXOID CM0509) for Salmonella spp. 
enrichment. Tenfold serial dilutions were prepared from the homogenized sam-
ples with PW for yeast-mold analyses. 0.1 ml of each sample was taken to the 
petri dishes containing Dichloran Rose Bengal Chloramphenicol Agar (DRBC, 
OXOID CM 727) and cultivated with the spread plate method. Samples incu-
bated for 5 days at 25°C, aerobically. Yeast and mold colonies were enumerated 
after incubation.

For the enrichment of Salmonella spp., homogenized samples were incubated 
at 37°C for 24 hours, aerobically. Thereafter, Xylose Lysine Deoxycholate Agar 
(XLD, Merck Nr.1.05287) was used for Salmonella analyses. 0.1 ml of homog-
enized samples were cultivated with the spread plate method. Petri dishes were 
incubated at 37°C for 24 hours, aerobically. Salmonella spp. determination was 
based on the formation of typical black centered red colonies in petri dishes.

The number of colonies counted as a result of microbiological analysis and cal-
culated as the colony forming unit (cfu)/g and compared with the limits speci-
fied in Turkish Food Codex7,8  and Codex Alimentarius9.

Statistical analyses

Tenfold transformations were applied to all counts and statistical analyses were 
conducted using Microsoft Excel. A possible relationship between the colony 
count found in the packaged and unpackaged spices was analyzed by using the 
t-test.
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RESULTS and DISCUSSION

According to the results of this study, all of the samples (100%) were contami-
nated with mold and yeast at different levels. Salmonella spp. was not detected 
in any of the samples. Mold and yeast growth in packaged spices were slightly 
lower than that of unpackaged ones, as shown in Table 1. However, this differ-
ence in the level of mold-yeast contamination between the two groups did not 
show statistical significance (p>0.05).

Table 1. Microbiological content of spice samples

Spices

Mold-yeast count (cfu/g) Salmonella spp. (+ / -)*

Packaged
(n=15)

Unpackaged
(n=15)

Packaged
(n=15)

Unpackaged
(n=15)

Red pepper (n=6) 7.82×103 1.07×104 - -

Black pepper (n=6) 7.62×103 1.75×104 - -

Peppermint (n=6) 4.35×104 7.72×104 - -

Cinnamon (n=6) 5.54×103 8.21×103 - -

Oregano (n=6) 4.21×104 4.37×104 - -

Frequency 100% 100% - -

p value 0.076

*-.. no visible colony was found

When the results are compared with the reliable limits in current microbiologi-
cal criteria for spices of Turkish Food Codex (TFC, 2013), the absence of Salmo-
nella is required, which is compatible with our results. This finding indicates 
that Salmonella contents of the samples in our study were within acceptable 
limits according to TFC-20138.

Mold-yeast content among the packaged spices, red pepper, black pepper, 
and cinnamon were below the former Turkish Food Codex (remarked as 1x104 

cfu/g in TFC-2009) limits 7. It was determined that the mold-yeast content in 
packaged and unpackaged peppermint and oregano samples were above the 
maximum limits according to both of the TFC-2009 7 and the CA 9. Both the 
packaged and unpackaged cinnamon samples were above the maximum limit of 
CA 9 but below the maximum limit of TFC-20097 which among the unpackaged 
samples only cinnamon was lower than this.

In a study conducted by Kızıl and colleagues with the unpackaged black pep-
pers taken from several cities of Turkey including İstanbul, Salmonella spp. 
was found only in black pepper samples taken from İstanbul and İzmir prov-
ince, whereas found in red pepper samples taken from Samsun province13. In 
a study conducted in Brazil, the highest level of Salmonella sp. contamination 
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was found in black pepper 14, whereas in the United States, basil, black pepper, 
coriander, curry powder, garlic powder, oregano, paprika, and red pepper were 
contaminated with Salmonella15. On the other hand, Salmonella was not found 
in packaged and in unpackaged red peppers in different countries, such as in 
Turkey16,17 , in Iran18, as well as in other packaged and unpackaged spices includ-
ing black pepper, cinnamon, basil, turmeric, berbere in Ethiopia 19, and also in 
any of the spices and herbs, including black pepper, oregano, and cinnamon in 
Jordan20. Similar to these studies, none of the spice samples were contaminated 
with Salmonella spp. in our study.

Studies in Turkey show similarities in mold-yeast results of spices, which are 
mostly contaminated at least half of the collected samples. Hampikyan and col-
leagues examined microbiological contamination of 420 spice samples from 
İstanbul markets, used in the meat industry in Turkey, and found around the 
85% samples contaminated with yeast and/or mold21. In a study conducted by 
Coşkun, black pepper, red pepper, and cinnamon in Tekirdağ markets were ex-
amined, molds were detected in 55% of samples, and whereas only 27% of the 
samples were below the mold-yeast limit of TFC 22. In Diyarbakır, 70% of black 
pepper and 60% of red pepper samples were contaminated with mold, whereas 
yeast contamination was 10% in black pepper and 50% in red pepper samples 2. 
In Kahramanmaraş, 91.3% of the red pepper samples were positive in terms of 
mold and yeast, and the average colony number of mold and yeast was 4.8×105 
cfu/g 23. In Şanlıurfa, red pepper obtained from supermarkets, open markets 
and retail stores, was examined and the samples contaminated with mold were 
also consist of a high amount of mycotoxins (up to 86.01 g/kg), which exceeded 
the legal mycotoxin limit of 10 μg/kg set by the Turkish Food Codex 24.

There is a high frequency of mold-yeast contamination of spices all around the 
world. In a study of Banerjee and Sarkar (2003), 97% of the spices, including 
black pepper, red pepper, and cinnamon were contaminated with mold, whereas 
yeast was found in only one of cumin sample 25. In a recent study conducted in 
Argentina, mold-yeast counts of Argentinian paprika was between 2×102 and 
1.9×105 cfu/g, in which some samples exceeded the reliable limits of international 
food regulations 26. Fogele and colleagues analyzed several spices including curry, 
black pepper, cumin, clove, cinnamon, thyme, basil, rosemary, and found mold 
contents of spices sold in small sellers significantly higher than those of sold in 
supermarkets. Although in our study difference of packaged and unpackaged 
samples did not show statistical significance, the result of the study of Fogele 
and colleagues indicated that the environmental factors, production process, and 
place where spices sold are effective on the mold growth 27. Current food security 



212 Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

criteria in TFC-2013 recommend analyzing Salmonella, B.cereus, and coagulase-
positive Staphylococci in spice samples, i.e. mold-yeast discarded 8. Although 
mold and yeast might be destroyed by the cooking of spice, their toxins might be 
still present in food. On the other hand, mold and yeast content can be considered 
as a kind of indicator of their proper storage condition and their contamination 
at the market level is still important. Especially when consumers do not take care 
of appropriate storage conditions at home, previously contaminated molds can 
grow easily and mycotoxins might be produced even at home. Therefore, at least 
controlling mold and yeast content at the selling point is a critical step to mini-
mize the risk of mycotoxin exposure via consumption of spices. 

In this study Salmonella sp. and mold-yeast content of packaged and unpack-
aged spices were investigated. Although Salmonella sp. was not detected in 
any of the samples, all of the samples were contaminated with mold-yeast. 
It has been observed that mold-yeast contamination in red pepper and black 
pepper samples is close to the maximum level of TFC, and both packaged and 
unpackaged peppermint and oregano samples were above the reliable limits. 
These findings are conforming with other studies in Turkey and also in other 
countries. Nevertheless, mold-yeast contamination in this study highlights par-
ticularly the necessity of monitoring frequently consumed spices and related 
mycotoxin analyses for estimation of the risk of exposure to mycotoxin via con-
sumption in a portion.
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INTRODUCTION

Cancer is a common and tough disease which its many types still have no defi-
nite and radical treatment. In this regard, the disease has been tried to be con-
trolled by understanding the damages it causes and focusing on targeted path-

ABSTRACT

Nine new 2-[[5-((4-acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-3-yl]
thio]-N-(aryl/heteroaryl)acetamide (5a-5i) derivatives were synthesized and tested 
for their matrix metalloproteinase-9 (MMP-9) inhibition potency which is associated 
with antiproliferative activity. None of the compounds exhibited MMP-9 inhibition 
activity close to standard drug however, two compounds 5e bearing 6-methylbenzo-
thiazole and 5g bearing 6-ethoxybenzothiazole moieties showed the highest MMP-9 
inhibition which were determined over than 50% percentage at 100 µg/mL concen-
tration. Some physicochemical properties of all final compounds were calculated via 
SwissADME and the results were modest to be able to an oral drug. Molecular dock-
ing studies were realized with MMP-9 enzyme (PDB ID: 5I12) and 5d, 5e, and 5g 
compounds for comparing the active and non-active/low effective structures.
Keywords: 1,2,4-Triazole, matrix metalloproteinase-9 (MMP-9), antiproliferative 
activity, molecular docking
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ways related to the emergence or metastasis of the disease.1,2 Target theraphy is 
mostly includes a specific site, such as tumour vasculature or tumoral intracel-
lular organelles which provides protection from the side effects of treatment 
and leaving the surrounding tissue unaffected. Additionally, gene therapy and 
expression of genes triggering apoptosis with(out) some enzymes and wild type 
tumour suppressors or the targeted silencing mediated by siRNAs are the other 
ways of targeted chemotheraphy.3,4 Matrix metalloproteinase enzymes MMPs 
are zinc- and calcium-dependent endopeptidases involved in physiological and 
pathological processes such as embryo implantation, wound healing, tissue 
remodeling and formation of some malfunctions like cancer, arthritis, genetic 
disorders, chronic kidney, aging and cardiovascular diseases. 

The MMP family consists of 25 secreted and membrane-bound members, among 
them MMP-2 (gelatinase A) and MMP-9 (gelatinase B) serve in inflammatory 
response and angiogenesis. It has been determined that gelatinases show tumo-
rigenic activity by the way of degradation of the extracellular matrix (ECM) and 
non-ECM functions that activates pro-TNF-α and TGF-β (transforming growth 
factor beta) molecules in tumor development stages, such as tumor cell growth, 
migration, invasion, and metastasis. The regulatory role of MMPs in cancer 
progression is a current strategy for treatment cancer disease.5-7

Nitrogen containing heterocycles are valuable drug designing skeletons, among 
these 1,2,4 triazoles carrying three nitrogen atoms have considerable interest 
due to their synthetic easibility, electron-rich chemical properties and wide 
spectrum of biological applications such as antioxidant, anticonvulsant, anti-
inflammatory, antimicrobial and antiviral activities. 1,2,4-triazole nucleus is 
also placed in drug candidates including H1/H2 histamine receptor blockers, 
cholinesterase active agents, central nervous system (CNS) stimulants, an-
tianxiety and sedatives along with a lot of clinically used drugs eg. alprazolam 
(tranquilizer), benatradin (diuretic), trapidil (hypotensive), trazodon (antide-
pressant, anxiolytic), ribavirin (antiviral), fluconazole, itraconazole, tercona-
zole (antifungal), anastrozole, letrozole and vorozole (antineoplastics).8-12 The 
antiproliferative activity of 1,2,4-triazole derivative has been reported to associ-
ated with cell cycle arrest in the G2/M phase via binding property to variable re-
ceptors and enzymes due to the ring’s polar nature. Additionally, other triazole 
including molecules have been determined to exhibit their anticancer potentcy 
via tubulin polymerization inhibition and modulation, mitochondrial depolari-
zation, and induction of apoptosis through activation of caspase-3, inhibition of 
kinase, aromatase and steroid sulfatase, methionine aminopeptidase inhibitors 
and tankyrase enzymes.13,14
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Based on the reported data and as an expansion work of our previous study,15 novel 
nine 1,2,4-triazole derivatives were synthesized, inhibition of MMP-9 enzyme was 
investigated and structure-activity relationships of the molecules was discussed.

METHODOLOGY

Chemistry

All chemicals used in the syntheses were purchased either from Merck Chemi-
cals (Merck KGaA, Darmstadt, Germany) or Sigma-Aldrich Chemicals (Sigma-
Aldrich Corp., St. Louis, MO, USA). The reactions and the purity of the com-
pounds were observed by thin-layer chromatography (TLC) on silica gel 60 F254 
aluminum sheets obtained from Merck (Darmstadt, Germany). Melting points 
of the synthesized compounds were recorded by the MP90 digital melting point 
apparatus (Mettler Toledo, Ohio, USA) and were presented as uncorrected. 1H 
NMR and 13C NMR spectra were recorded by a Bruker 300 MHz and 75 MHz dig-
ital FT-NMR spectrometer (Bruker Bioscience, Billerica, MA, USA) in DMSO-d6, 
respectively. In the NMR spectra, splitting patterns were designated as follows: 
s: singlet; d: doublet; t: triplet; m: multiplet. Coupling constants (J) were re-
ported as Hertz. High resolution mass spectrometric (HRMS) studies were per-
formed using an LC/MS-IT-TOF system (Shimadzu, Kyoto, Japan). Elemental 
analyses were performed on a Leco 932 CHNS analyzer (Leco, Michigan, USA).

Ethyl 2-(4-acetamidophenoxy)acetate (1)

N-(4-Hydroxyphenyl)acetamide (0.033 mol, 5g), ethyl chloroacetate (0.04 mol, 
4.88 g) and potassium carbonate were refluxed in acetone for 6h. After check-
ing the reaction with TLC, the solvent was evaporated, and the material was 
filtered and washed with water. The raw product was crystallised from ethanol.

N-[4-(2-Hydrazinyl-2-oxoethoxy)phenyl]acetamide (2)

Ethyl 2-(4-acetamidophenoxy)acetate (1, 1 eq.) and hydrazine monohydrate 
(1.2 eq) were stirred in ethanol at room temperature overnight. When the reac-
tion was over, the mixture was separated from the solvent. The precipitated 
material was filtered and crystallised from ethanol.

N-(4-(2-Oxo-2-(2-(phenylcarbamothioyl)hydrazinyl)ethoxy)phe-
nyl)acetamide (3)

N-(4-(2-hydrazinyl-2-oxoethoxy)phenyl)acetamide (2) and phenylisothiocy-
anate were refluxed in EtOH for 3h. After TLC, the solvent was evaporated, and 
the solid was collected.
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N-[4-((5-Mercapto-4-phenyl-4H-1,2,4-triazol-3-yl)methoxy)phenyl]
acetamide (4)

N-(4-(2-oxo-2-(2-(phenylcarbamothioyl)hydrazineyl)ethoxy)phenyl)acetamide 
(3) was refluxed with 2N potassium hydroxide prepared in ethanol for 2h. After 
TLC, the pH was adjusted to 7 in a cold environment to precipitate the material.

General procedure for the synthesis N-substituted-2-[[5-((4-aceta-
midophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio]aceta-
mide derivatives (5a-5i)

N-(4-((5-mercapto-4-phenyl-4H-1,2,4-triazol-3-yl)methoxy)phenyl)acetamide 
(4) (0.0015 mol, 0.5 g) and equivalent 2-chloro-N-substituted acetamide de-
rivatives were reacted in the presence of potassium carbonate in acetone. After 
4-5 h, it was finished, the solvent was evaporated and treated with water, then 
it was crystallised from ethanol to yield the final product.

2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-y]thio]-N-(6-nitrobenzothiazol-2-yl)acetamide (5a)

m. p. 240 oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.98 (s, 3H, CH3), 4.33 (s, 
2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.77 (d, J=8.98 Hz, 2H, Ar-H), 7.40 (d, J=8.98 
Hz, 2H, Ar-H), 7.48-7.64 (m, 5H, Ar-H), 7.54 (d, J=8.95 Hz, 1H, Ar-H), 8.27 
(dd, J1=2.43 Hz, J2= 8.94 Hz, 1H, Ar-H), 9.03 (m, 1H, Ar-H), 9.79 (brs, 1H, NH). 
13C-NMR (75 MHz, DMSO-d6, ppm) δ 24.26 (C-CH3), 36.54 (S-CH2), 60.55 (O-
CH2), 115.45, 119.40, 120.76, 121.11, 122.25, 126.66, 127.43, 130.29, 130.64, 
133.86, 143.21, 151.76, 152.38, 153.46, 154.22, 164.81, 168.27 (acetamide C=O), 
168.85 (C=O). For C26H21N7O5S2 calculated: 54.25 % C, 3.68 % H, 17.03 % N; 
found: 54.27 % C, 3.69 % H, 17.05 % N. HRMS [M-H]-: calculated: 574.0973, 
experimental: 574.1010.

2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-yl]thio]-N-(benzothiazol-2-yl)acetamide (5b)

m. p. 270 oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.99 (s, 3H, CH3), 4.31 (s, 
2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.77 (d, J=9.02 Hz, 2H, Ar-H), 7.30-7.60 (m, 
9H, Ar-H), 7.77 (d, J=8.03 Hz, 1H, Ar-H), 7.80 (d, J=7.86 Hz, 1H, Ar-H), 9.78 
(brs, 1H, NH), 12.70 (brs, 1H, NH). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 24.28 
(C-CH3), 36.08 (S-CH2), 60.56 (O-CH2), 115.45, 120.76, 120.89, 122.17, 127.43, 
130.29, 130.64, 130.91, 133.00, 133.87, 151.66, 152.40, 153.47, 167.45 (aceta-
mide C=O), 168.24 (C=O). For C26H22N6O3S2 calculated: 58.85 % C, 4.18 % H, 
15.84 % N; found: 58.82 % C, 4.19 % H, 15.85 % N. HRMS [M-H]-: calculated: 
529.1122, experimental: 529.1153.
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2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-y]thio]-N-(6-fluorobenzothiazol-2-yl)acetamide (5c)

m. p. 276oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 2.00 (s, 3H, CH3), 4.31 (s, 
2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.77 (dd, J1=1.97 Hz, J2=7.08 Hz, 2H, Ar-H), 
7.27-7.33 (m, 1H, Ar-H), 7.40 (dd, J1=2.01 Hz, J2=7.08 Hz, 2H, Ar-H), 7.50-
7.58 (m, 5H, Ar-H), 7.78 (dd, J1=4.84 Hz, J2= 8.88 Hz, 1H, Ar-H), 7.89 (dd, 
J1=2.65 Hz, J2= 8.7 Hz, 1H, Ar-H), 9.79 (brs, 1H, NH), 12.73 (brs, 1H, NH). 13C-
NMR (75 MHz, DMSO-d6, ppm) δ 24.24 (CH3), 36.02 (S-CH2), 60.56 (O-CH2), 
108.53,108.89, 114.63, 114.96, 115.45, 120.76, 122.32, 127.43, 130.29, 130.64, 
133.00, 133.09, 133.23, 133.88, 145.69, 151.64, 152.42, 153.47, 157.57, 158.19, 
160.75, 167.54 (acetamide C=O), 168.26 (C=O). For C26H21FN6O3S2 calculated: 
56.92 % C, 3.86 % H, 15.32 % N; found: 56.94 % C, 3.85 % H, 15.35 % N. HRMS 
[M-H]-: calculated: 547.1028, experimental: 547.1075.

2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-yl]thio]-N-(6-chlorobenzothiazol-2-yl)acetamide (5d)

m. p. 258oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.98 (s, 3H, CH3), 4.31 (s, 
2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.77 (d, J=9.03 Hz, 2H, Ar-H), 7.40 (d, J=9.01 
Hz, 2H, Ar-H), 7.46 (dd, J1=2.23 Hz, J2= 8.61 Hz, 1H, Ar-H), 7.50-7.58 (m, 5H, 
Ar-H), 7.76 (d, J= 8.66 Hz, 1H, Ar-H), 8.13 (d, J=2.13 Hz, 1H, Ar-H), 9.79 (brs, 
1H, NH), 12.80 (brs, 1H, NH). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 24.27 (C-
CH3), 36.06 (S-CH2), 60.55 (O-CH2), 115.45, 120.77, 121.97, 122.33, 127.00, 
127.42, 128.16, 130.29, 130.65, 132.99, 133.62, 133.87, 147.88, 151.63, 152.41, 
153.46, 159.14, 167.40 (acetamide C=O), 168.25 (C=O). For C26H21ClN6O3S2 cal-
culated: 55.27 % C, 3.75 % H, 14.87 % N; found: 55.28 % C, 3.72 % H, 14.86 % 
N. HRMS [M-H]-: calculated: 563.0732, experimental: 563.0768.

2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-yl]thio]-N-(6-methylbenzothiazol-2-yl)acetamide (5e)

m. p. 280oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.98 (s, 3H, CH3), 2.40 (s, 
3H, CH3), 4.30 (s, 2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.78 (d, J=9.04 Hz, 2H, Ar-
H), 7.26 (dd, J1=1.25 Hz, J2= 7.30 Hz, 1H, Ar-H), 7.41 (d, J= 9.10 Hz, 2H, Ar-H), 
7.49-7.59 (m, 5H, Ar-H), 7.65 (d, J= 8.28 Hz, 1H, Ar-H), 7.76 (s, 1H, Ar-H), 9.79 
(brs, 1H, NH), 12.63 (brs, 1H, NH). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 21.46 
(CH3), 24.27 (C-CH3), 36.08 (S-CH2), 60.55 (O-CH2), 115.44, 120.76, 121.82, 
127.43, 127.98, 130.28, 130.63, 132.05, 133.00, 133.60, 133.87, 146.92, 151.68, 
152.40, 153.47, 157.39, 167.30 (acetamide C=O), 168.25 (C=O). For C27H24N6O3S2 

calculated: 59.54 % C, 4.44 % H, 15.43 % N; found: 59.50 % C, 4.42 % H, 15.45 % 
N. HRMS [M-H]-: calculated: 543.1279, experimental: 543.1326.
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2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-y]thio]-N-(6-methoxybenzothiazol-2-yl)acetamide (5f)

m. p. 256oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.98 (s, 3H, CH3), 3.80 (s, 
3H, O-CH3), 4.29 (s, 2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.77 (d, J=9.03 Hz, 2H, 
Ar-H), 7.04 (dd, J1=2.58 Hz, J2= 8.85 Hz, 1H, Ar-H), 7.40 (d, J= 8.98 Hz, 2H, 
Ar-H), 7.50-7.58 (m, 5H, Ar-H), 7.66 (d, J= 8.85 Hz, 1H, Ar-H), 9.79 (brs, 1H, 
NH), 12.57 (brs, 1H, NH). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 24.27 (C-CH3), 
36.04 (S-CH2), 56.08 (O-CH3), 60.56 (O-CH2), 105.18, 115.45, 120.76, 121.72, 
127.43, 127.98, 130.28, 130.64, 133.00, 133.24, 133.87, 143.04, 151.69, 152.39, 
153.47, 156.21, 156.65, 167.13 (acetamide C=O), 168.25 (C=O). For C27H24N6O4S2 
calculated: 57.84 % C, 4.32 % H, 14.99 % N; found: 57.85 % C, 4.35 % H, 14.95 % 
N. HRMS [M-H]-: calculated: 559.1228, experimental: 559.1269.

2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-yl]thio]-N-(6-ethoxybenzothiazol-2-yl)acetamide (5g)

m. p. 226oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.34 (t, J=6.95 Hz, 3H, 
O-CH2-CH3), 1.97 (s, 3H, CH3), 4.06 (q, J1=6.93 Hz, J2=13.85 Hz, 2H, O-CH2-
CH3), 4.29 (s, 2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.77 (d, J=8.97 Hz, 2H, Ar-H), 
7.02 (dd, J1=2.51 Hz, J2=8.82 Hz, 1H, Ar-H), 7.40 (d, J=8.96 Hz, 2H, Ar-H), 
7.50-7.58 (m, 6H, Ar-H), 7.65 (d, J= 8.85 Hz, 1H, Ar-H), 9.79 (s, 1H, NH), 12.56 
(brs, 1H, NH). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 15.17 (O-CH2-CH3), 24.25 
(C-CH3), 36.00 (S-CH2), 60.56 (O-CH2), 64.04 (O-CH2-CH3), 105.81, 115.45, 
115.82, 120.73, 127.43, 130.28, 130.64, 133.00, 133.87, 142.93, 152.39, 153.47, 
155.90, 167.08 (acetamide C=O), 168.26 (C=O). For C28H26N6O4S2 calculated: 
58.52 % C, 4.56 % H, 14.62 % N; found: 58.53 % C, 4.55 % H, 14.65 % N. HRMS 
[M-H]-: calculated: 573.1384, experimental: 573.1436.

2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-yl]thio]-N-(4-nitrophenyl)acetamide (5h)

m. p. 250oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.98 (s, 3H, CH3), 4.25 (s, 
2H, S-CH2), 5.03 (s, 2H, O-CH2), 6.76-6.77 (m, 2H, Ar-H), 7.38-7.41 (m, 2H, 
Ar-H), 7.49-7.58 (m, 5H, Ar-H), 7.80-7.83 (m, 2H, Ar-H), 8.23-8.26 (m, 2H, 
Ar-H), 9.80 (brs, 1H, NH), 10.98 (brs, 1H, NH). 13C-NMR (75 MHz, DMSO-d6, 
ppm) δ 24.27 (C-CH3), 37.26 (S-CH2), 60.51 (O-CH2), 115.44, 120.74, 125.58, 
130.29, 130.63, 133.00, 133.86, 142.81, 145.35, 152.30, 153.43, 167.00 (aceta-
mide C=O), 168.26 (C=O). For C25H22N6O5S calculated: 57.91 % C, 4.28 % H, 
16.21 % N; found: 57.93 % C, 4.25 % H, 16.15 % N. HRMS [M-H]-: calculated: 
517.1300, experimental: 517.1325.
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2-[[5-((4-Acetamidophenoxy)methyl)-4-phenyl-4H-1,2,4-triazol-
3-yl]thio]-N-(4-fluorophenyl)acetamide (5i)

m. p. 196oC, 1H-NMR (300 MHz, DMSO-d6, ppm) δ 1.99 (s, 3H, CH3), 4.17 (s, 
2H, S-CH2), 5.03 (s, 2H, O- CH2), 6.77 (d, J=8.99 Hz, 2H, Ar-H), 7.13-7.19 (m, 
2H, Ar-H), 7.41 (d, J= 8.98 Hz, 2H, Ar-H), 7.48-7.51 (m, 2H, Ar-H), 7.56-7.58 
(m, 5H, Ar-H), 9.80 (brs, 1H, NH), 10.42 (brs, 1H, NH). 13C-NMR (75 MHz, 
DMSO-d6, ppm) δ 24.25 (C-CH3), 37.16 (S-CH2), 60.53 (O-CH2), 115.45, 115.73, 
116.36, 127.44, 130.26, 130.59, 133.05, 133.86, 135.63, 151.98, 152.23, 153.45, 
160.13, 165.79 (acetamide C=O), 168.26 (C=O). For C25H22FN5O3S calculated: 
61.09 % C, 4.51 % H, 14.25 % N; found: 61.11 % C, 4.52 % H, 14.21 % N. HRMS 
[M-H]-: calculated: 490.1355, experimental: 490.1401.

Activity Studies

Matrix Metalloproteinase (MMP) Inhibition Assays

MMP-9, colorimetric kits were purchased from Enzo Life Sciences Inc. (Farm-
ingdale, New York, NY, USA). The MMP Colorimetric Drug Discovery Kits are a 
complete assay system designed to screen MMP inhibitors using a thiopeptide 
as a chromogenic substrate (Ac-PLG-[2-mercapto-4-methyl-pentanoyl]-LG-
OC2H5). The MMP cleavage site peptide bond is replaced by a thioester bond 
in the thiopeptide. Hydrolysis of this bond by an MMP produces a sulfhydryl 
group, which reacts with DTNB [5,50-dithiobis(2-nitrobenzoic acid), Ellman’s 
reagent] to form 2-nitro-5-thiobenzoic acid, which can be detected by its ab-
sorbance at 412 nm. The assays were conducted in triplicate. The UV absorb-
ance was read at 412 nm using a microplate reader (BioTek, PowerWave, Gen5 
software, Winooski, VT, USA) at room temperature. NNGH was used as a con-
trol inhibitor.16 Data were expressed as Mean±SD. 

The inhibitor% remaining activity of MMPs was calculated using the following 
equation:

Inhibitor% activity remaining = (V inhibitor/V control) × 100.

The inhibition (percent) of MMPs was calculated using the following equation:

I (%) = 100 − Inhibitor% activity remaining

Docking Studies 

The crystal structure of MMP-9 was retrieved from the Protein Data Bank 
server (PDB code: 5I12). The protein preparation process, ligand preparation 
process, grid generation, docking and visualization studies were performed on 
Schrodinger’s Maestro molecular modeling package.17
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The water molecules were removed from the crystal structure. Ligands were set 
to the physiological pH (pH = 7.4) at the protonation step. In molecular dock-
ing simulations: Glide/XP docking protocols were applied for the prediction of 
topologies of 5f, 5g and 5h at the active site of target structure4, then they were 
docked to the active site of 5I12.

RESULTS and DISCUSSION

Chemistry

In this study, we aimed to synthesize novel 3,4,5-trisubstituted triazole deriva-
tives. In the first of five steps, N-(4-hydroxyphenyl)acetamide and ethyl chloro-
acetate were refluxed in acetone. 

After the reaction was completed, the acetone was evaporated, and the material 
was washed with water to acquire the intermediate. The obtained product, ethyl 
2-(4-acetamidophenoxy)acetate (1) was reacted with hydrazine monohydrate 
in ethanol. The end of the reaction was checked by TLC, hydrazide compound 
was gained by filtration. N-(4-(2-oxo-2-(2-(phenylcarbamothioyl)hydrazineyl)
ethoxy)phenyl)acetamide (2) was dissolved in ethanol and boiled with phenyli-
sothiocyanate to synthesize N-phenyl-2-(2-(quinolin-8-yloxy)acetyl)hydra-
zine-1-carbothioamide (3) and then in next step this compound was refluxed 
with 2N potassium hydroxide prepared in ethanol. The reaction was terminated 
by controlling the TLC. The pH was set to 7 to allow the material to settle in a 
cold environment. At last, the resulting triazole molecules (4) were acquired 
with the reaction of appropriate 2-chloro-N-substituted acetamide derivatives 
to get the final nine molecules (5a-i) (Scheme 1). The target compounds (5a-
i) were obtained purely and the structures of the compounds were elucidated 
with spectroscopic methods. 
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Scheme 1. Synthesis of the target compounds. Reaction conditions. a) Acetone, K2CO3, 
reflux, 6h; b) EtOH, H2NNH2.H2O, rt, 12h; c) EtOH, reflux, 3h; d) 2N KOH (ethanolic), reflux, 2h; 
e) Acetone, K2CO3, r.t, 4-5h.

The structures of the synthesized materials were elucidated by 1H-NMR, 13C-
NMR, HRMS and elemental analysis. The ppm values of the peaks of the -NH 
proton were detected at 9.78-12.80 ppm. The values of the proton peaks of 
O-CH2 were seen at 5.03 ppm exactly, and values of S-CH2 protons were as-
signed at 4.17-4.33 ppm. The peak value of the CH3 for all molecules was singlet 
at 1.97- 2.00 ppm. For compound 5e, the substituent CH3 peaks were observed 
at 1.98 and 2.40 ppm. 

The O-CH3 peak at 3.80 ppm in compound 5f was an expected value due to the 
substituent. The CH3, O-CH2-CH3 and O-CH2-CH3 peaks attributed to the sub-
stituents in the compound 5g were observed at 1.97 ppm, 4.05 ppm, and 1.34 
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ppm, respectively. Also, multiple peaks were observed in the aromatic region 
due to the phenyl ring in the substituent. In 13C-NMR spectra of the compounds, 
signals belong to C-CH3 S-CH2 and O-CH2 were detected at 24.24-24.28 ppm, 
36.00-36.54 ppm, and 60.51-60.56 ppm, respectively. The signal of carbonyl 
carbon was detected at 165.79-168.85 ppm in common with all final com-
pounds. HRMS results of the compounds were processed in negative ion mode 
and peaks were detected following the molecular weights of the compounds. 

ADME Parameters

Some properties of the synthesized compounds were displayed in Table 1, 
which were calculated by SwissADME.18-20 The number of HBA was calculated 
minimum 6 and maximum 8, and also number of HBD was 2. Log P values 
were estimated between 2.23 and 3.65. All compounds have violations of RoF 
equal to or less than 2. Therefore, the final compounds may be applied for oral 
use according to forecast.21 These findings were also in harmony with the activ-
ity results. Especially, compound 5e stand out via TPSA (161.10 Å²) and Log P 
(3.36). These differences between 5e and other derivatives may be the reasons 
which explain the incoherent in the activity tests due the solubility. 

Table 1. Some properties of synthesized compounds

HBA HBD TPSA Log Po/w Log S (Ali) RoF (V)

5a 8 2 206.92 2.23 -7.18 No (2)

5b 6 2 161.10 3.05 -6.69 Yes (1)

5c 7 2 161.10 3.34 -6.50 Yes (1)

5d 6 2 161.10 3.48 -7.04 Yes (1)

5e 6 2 161.10 3.36 -6.60 Yes (1)

5f 7 2 170.33 2.92 -6.56 Yes (1)

5g 7 2 170.33 3.11 -6.94 Yes (1)

5h 7 2 169.26 2.65 -6.57 No (2)

5i 6 2 123.44 3.65 -5.89 Yes (0)

SD-1 7 1 110.39 1.37 -3.76 Yes (0)

HBA: H-bond acceptor, HBD: H-bond acceptor, TPSA: Topologic polar sur-
face area (Å²) Log Po/w: Consensus Log Po/w (Average of all five predictions), Log 
S: Water Solubility, RoF (V): Rule of Five (violation number), SD-1: Standard 
Drug (N-Isobutyl-N-(4-methoxyphenylsulfonyl)glycyl hydroxamic acid).
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Activity Results

All compounds (5a-5i) and the standard drug were investigated for the MMP-9 
inhibition activity were shown in Table 2.

Table 2. Inhibition % on MMP-9

Inhibition %

5a 40.86 ± 1.62

5b 48.21 ± 1.27

5c 23.22 ± 3.57

5d 9.52 ± 2.06

5e 62.5 ± 2.53

5f 27.50 ± 1.52

5g 51.19 ± 2.06

5h 15.18 ± 1.26

5i 41.07 ± 2.52

NNGH 91.10 ± 2.50

100 µg/mL of each synthesized compounds was used to determine the inhibition 
% on MMP-9. NNGH: N-Isobutyl-N-(4-methoxyphenylsulfonyl)glycyl hydroxam-
ic acid, and 1.3 µM/mL of it was used to determine the inhibition% on MMP-9.

Enzyme Studies

According to the MMP-9 inhibition results, the most active compound was 
compound 5e with methyl substitution on benzothiazole ring. Also, compound 
5g (6-ethoxybenzothiazole) showed moderate inhibition activity. These results 
were worthy of note that the development of new treatments against cancers 
like lung carcinoma. To better understand the structure-activity relationship, 
in our investigation we proceeded to the next step: molecular docking study.

Molecular Docking and Structure-Activity Relationship (SAR) Studies

For comparing the active and non-active/low effective structures, 5d, 5e, and 
5g were docked to MMP-9 enzyme (PDB ID: 5I12). The docking poses collected 
as shown in Figure 1-6. 
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Figure 1. 3D best docking poses of compounds. [5d(green carbons), 5e (maroon carbons) 
and 5g (orange carbons) with Zn+2 (violet ball) in the active site of 5I12. The binding site amino 
acids were colored with turquoise blue carbons.]

Figure 2. 3D best docking pose of compounds 5d in active site of 5I12
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Figure 3. 3D best docking pose of compound 5e in active site of 5I12

Figure 4. 2D interaction diagram of compound 5e in active site of 5I12
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Figure 5. 3D best docking pose of compound 5g (green carbons) in active site of 5I12

Figure 6. 2D interaction diagram of compound 5g in active site of 5I12

According to docking results, compound 5e interacted with His226, His236, 
Tyr245, Pro246, Tyr248, and  Arg249 active site amino acids and Zn301 met-
al ion. Between the phenyl rings and the histamine amino acids occurred π-π 
stacking, and four H-bonds were viewed with the benzothiazole nitrogen, aceta-
mide nitrogen, acetanilide nitrogen and oxygen. These bonds interacted with 
hydrophobic (Tyr and Pro) and positively charged amino acid (Arg). There was 
a π-cation interaction between triazole’s phenyl and Zn301.
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Compound 5g interacted with Gly186, Leu188, His226, His230 amino acids, 
and Zn301 metal ion. Between phenyl and His226, and benzothiazole and 
His230 occurred π-π stacking. There was two H-bond displayed between the 
triazole nitrogen (3rd) and leucine, and acetanilide oxygen and glycine. Also, 
there was observed the salt bridge between Zn301 and acetamide nitrogen. 
Also, the π-cation interaction between the metal ion and triazole phenyl was 
observed. 

Compound 5d interacted with Ala191, His226, His236, and Try248 amino ac-
ids and Zn301 metal ion. Between the phenyl rings and histamine amino acids 
(226, 236) occurred π-π stacking. There were two H-bonds which were between 
acetanilide nitrogen and Ala191, and acetamide nitrogen and Tyr248. There was 
observed π-cation (with phenyl of triazole) and metal coordination interactions.

Previous studies mentioned that zinc ion at the active site of the catalytic do-
main is closely related to the hydrolytic activity of MMP families.22,23 Thus, the 
effectiveness depends not only on the number of hydrogen bond but also on the 
bonds that the ligand forms with histamine and zinc. Our docking results point 
out that zinc ion, and its bonding amino acids (His226, His230, and His336) 
are the important residues as much as H-bonds in MMP-9 activity cavity. How-
ever, the relationship between the differences in inhibition% was found related 
to hydrogen bonds. The results of the docking study and in vitro enzyme study 
were in good harmony.

For less or non-active compounds, the electron-withdrawing groups at the 
benzothiazole ring decreased the inhibition activity. It may be caused by bulky 
atoms and/or non-hydrophobic affinity. Additionally, although there was not 
enough data to compare the electron-withdrawing or donating groups at phe-
nyl, the enzyme study proved that the activities of the electron-withdrawing 
groups (-NO2 and -F) showed that less than 50% inhibition. Therefore, for fu-
ture studies, the electron-donating group and/or hydrophilic moiety may be 
thought. Also, as a new perspective, N substitution on the triazole ring may 
have a short carbon chain with composing π interactions for hydrophobicity 
and easy placement. The importance of π–π stacking between the ligand and 
the imidazole ring of histamine was underlined.22 On the other hand, the dock-
ing results showed that the substitutions at benzothiazole should comprise of 
carbon chain without heteroatoms. Although the ethoxy derivative (5g) showed 
the inhibition activity, it was seen that the oxygen atom didn’t show H-bond 
interaction. The methoxy (5f) derivative also didn’t display the inhibition activ-
ity, hence the group at benzothiazole may be constituted of the carbon chain 
without heteroatoms.
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Briefly, we concluded the results that although final compounds have good 
pharmacokinetic profiles, only two compounds (5e and 5g) showed an attrac-
tive activity.  The distinctness between the active compounds and others were 
related to the hydrophobic properties. Also, the interactions between the ligand 
and enzyme were discussed for future studies. Hopefully, these modifications 
especially will be increased the anticancer activity through MMP-9 inhibition 
or at least give an option. In the next studies, these are the main data in the 
designing strategy.
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INTRODUCTION

Parkinson’s disease (PD) is a complex syndrome with different clinical subtypes 
characterized by a large motor and non-motor features which intern effect the 

ABSTRACT

Parkinson’s disease (PD) ranks the second position of neurodegenerative disorder 
mainly arises due to depleted levels of neurotransmitter dopamine in substantia 
nigra. PD is characterized by decreased levels of dopamine due to dopaminergic 
cell death and manifested by tremor, rigidity, bradykinesia and postural abnormali-
ties. Considerable latency is observed in dopaminergic cell death and appearance 
of clinical symptoms in PD, so it is necessary to diagnose the disease in early stages 
for better treatment. Establishment of reliable biomarkers which indicates the pro-
gression of the disease and will aid in better clinical management of PD patients. 
Biomarkers when coupled with system biology tools help in discovering transcrip-
tomic, proteomic, genomic and metabolic molecules and other signaling pathways 
responsible for differential diagnosis of parkinsonism disorder and serves as tool in 
monitoring disease progression. Identifying the subjects at earlier stage of disease 
would pave the way to novel drug therapies to decrease the progression of disease.
Keywords: Parkinson’s disease, LRRK2, DJ-1biomarker, neuroimaging biomark-
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function and quality of life of affected individuals. Pathological evidences sug-
gest that the pathological process of PD begins much earlier prior to the ap-
pearance of typical motor symptoms. About 70-80% of striatal dopamine and 
one third of substantia nigra neurons and striatal dopaminergic neurons have 
already been lost before the diagnosis is made. 1, 2

Pathology of PD is complicated. Recent studies have reported the evaluation of 
brain samples of PD patients showing the presence of Lewy bodies (LB) which 
is the hallmark of PD to trace the damaged neurons throughout the nervous 
system. Braak et al conducted a study and reported that there are six neuro-
pathological stages of PD 3, which are shown in Fig 1.

STAGE-I

Xth cranial nerve 
get affected

STAGES OF 
PARKINSON 

DISEASE

STAGE-II

Lewyneutitis in  
local cerulus

STAGE-III

Substantia nigra 
get affected

STAGE-IV

Lesions in 
temporal meso 

cortex

STAGE-V

Pathology spread 
to temporal 

neocortical region

STAGE-VI

Cognitive function 
get affected

Figure 1. Neuropathological stages of Parkinson disease
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STAGE-I: In this stage beginning of pathology is traced in lower medulla ob-
longata in the dorsal motor nucleus of the tenth cranial nerve and the olfactory 
structures specifically in anterior part.

STAGE-II: Lewy neuritis is observed in locus coeruleus, exacerbation of lesions 
in dorsal motor nucleus.

STAGE-III: Damage to the substantia nigra is observed.

STAGE-IV: Presence of lesions in the temporal mesocortex.

STAGE-V: Pathology is seen in the adjoining temporal neocortical fields.

STAGE-VI: Cognitive status correlates with the neuropathological stage. 

According to National Institute of Health (NIH), a biomarker is a tool which 
assists in detection and diagnosis of disease and indicates the pharmacological 
response to a therapeutic intervention. 4 Development of reliable and sensitive 
biomarkers will help in detection of individual at risk before the progression 
of classical symptoms in a stage where neuroprotective therapies have higher 
efficacy. Establishment of a reliable biomarker will help in discriminating PD 
from other neurodegenerative disorders. Biomarkers are the tools which assist 
the physicians in developing pathogenesis-targeted therapeutics of PD. 5

Biomarkers in PD

Parkinsonism is manifested by motor features including bradykinesia, tremors, 
rigidity and postural abnormalities along with the non-motor features. Myriad 
of biomarkers are used at different stages of PD. Different phases of PD are 
shown in Figure 2.

Prediagnostic PD Clinical PD

Preclinical PD

PHASES OF 
PARKINSON 

DISEASE

Figure 2. Different phases of Parkinson’s disease
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Prediagnostic phase of PD

In established PD, patients experience non-motor symptoms which are as trou-
blesome as motor features, and treatment is often difficult.  Non-motor symp-
toms are experienced early and there is substantial evidence which suggests 
that they also aid in early diagnosis of the disease several years prior to the 
appearance of clinical symptoms. A number of studies have demonstrated the 
association of PD with earlier diagnosis such as depression, anxiety, constipa-
tion and erectile dysfunction. 6, 7, 8

Biomarkers in prediagnostic stage

The clinical diagnosis of PD requires multiple motor features to be established, 
and while subtle motor signs may be present, a clinical diagnosis of PD is not 
possible until motor symptoms become more definite. 9 Non-motor features 
potentially serves as biomarkers in early diagnosis of PD. Environmental fac-
tors also contribute to the occurrence of PD. Exposure to pesticides in farmers 
and people living in rural areas are associated with increased risk of PD. Rote-
none and paraquat which are chemically relative to MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine specifically increase the risk of PD. 10 Mendelian 
randomisation (MR) study is a powerful technique which correlates between 
the risk factors and progression of the disease. This technique was used by Si-
mon and colleagues, they used polymorphism of single nucleotide in SLC2A9 
gene to estimate the genetic variability of serum urate levels. Outcome of this 
study suggested elevated levels of urate in serum which delayed progression of 
the disease. Findings of this MR study emerged as novel therapeutic strategy to 
treat the disease progression by modulating therapeutic urate levels. 11

Biomarkers in preclinical phase of PD 

Preclinical phase is that stage of PD which precedes the diagnostic phase of 
PD which is devoid of motor symptoms of the disorder characterised by subtle 
non-motor features of the disease which can be detected by physiological ex-
amination. Various biomarkers are available for determining preclinical stage 
which may develop PD in future. 12 Biomarkers in preclinical phase of PD are 
represented in Figure 3.
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Figure 3. Biomarkers in preclinical stage of Parkinson’s disease

Clinical biomarkers of preclinical pd

Evidences suggest that prior to the appearance of motor features of PD various 
premonitory sign and symptoms are seen 13, 14 which are as follows,

Sleep Disturbances

Patients with PD have disturbed sleep pattern characterised by rapid behav-
ioural disorder (RBD) which is seen much prior to the onset of motor symp-
toms. 15, 16 In a long-term clinical study conducted with 93 subjects with RBD, 14 
patients developed Parkinsonism with high degree of cognitive impairment. 17

Essential tremors

Neuropathological studies and epidemiological studies have suggested that pa-
tients with essential tremors have co-existent PD. 18 Cohort study conducted on 
3813 geriatric patients in central Spain reported that patients with Essential 
tremors are 4 times more prevalent to develop PD than controls. 19

Olfactory Dysfunction

Population based prospective studies revealed the association between olfac-
tory loss and future development of PD. 20 About 90% of the patients suffer-
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ing from PD exhibits anosmia. 21, 22 Odour separation measures indicate the 
severity of disease and further studies support that olfactory dysfunction is the 
early sign of idiopathic PD. Neuroimaging and neurochemical marker studies 
revealed that olfactory loss in PD can be seen 2 to 7 years prior to the clinical 
development of PD. 23

Constipation

Dysautonomia is generally traced at the advanced stages of PD. According to 
epidemiological studies conducted among the various symptoms of autonomic 
dysfunction constipation appears earliest and much prior to motor symptoms. 24

Pathological biomarkers in preclinical pd

Degeneration of dopaminergic neurons in substantia nigra pars compacta, as-
sociated with proteinaceous inclusions within the cytoplasm known as Lewy 
Bodies (LB) is the crucial pathological hallmark of PD. 

Braak hypothesis however suggested that neurodegeneration of non-dopamin-
ergic neurons in the caudal regions of brainstem particularly in dorsal motor 
nucleus of vagus and olfactory regions precedes the dopaminergic degenera-
tion. Braak hypothesis states that a-synuclein pathological changes in PD begin 
in the lower brainstem and progress in caudal-rostral pattern. This promotes 
the notion that non-motor features reflecting this prenigral involvement can 
precede the classic motor features of PD.

Based on the study conducted by implanting embryonic dopaminergic cell in 
the striatum of patients with PD have developed pathological features including 
formation of LB has led to the hypothesis that a-synuclein can be secreted into 
extracellular space of brain and spread PD in a prion like fashion. 25   

Olfactory features

According to Hawkes et al synucleinopathy in PD starts in olfactory bulb 
and enteric plexuses this paved the way to dual-hit hypothesis accord-
ing to this an unknown neurotropic pathogen initiates the pathogenesis 
underlying sporadic PD in anterograde and retrograde fashion. 26

Skin biopsy

By performing punch skin biopsy using immune staining and pan-
neuronal marker for protein gene product, has shown the involve-
ment of peripheral autonomic nervous system in early stages of PD. 
Presence of α-synuclein deposits in dermis of PD patients concludes 
it as variant synucleinopathy. 27, 28
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NEUROIMAGING BIOMARKERS IN PRECLINICAL PD

Presymptomatic stages of PD can be detected by various imaging 
techniques. 29 Brain abnormalities in PD patients using various tech-
niques such as dopamine transporter-single photon emission com-
puted tomography (DAT-SPECT), positron emission tomography 
(PET), transcranial B-mode sonography (TCS), diffusion weighted 
imaging (DWI), magnetic resonance imaging (MRI), sonography.

Positron Emission Tomography	

PET scan involves emission of positrons which are positively charged. DAT-
SPECT at the straiatal regions of substantia nigra  can be assessed employing 
radiolabeled dopamine analogs such as 18F,11C,18F-dopamine30, 18F-FE-PE2I, 
18F-LBT999 31, 11C-methylphenidate, 11C, 18F radiolabelled dihydrotetrabenazine 
(DTBZ) are the radioligands used for quantification of vesicular monoamine 
transporter type 2 (VMAT2).

Both DAT and VMAT2 ligands trace the early signs of dopaminergic damage. 32 
DAT ligands estimate the uptake and decarboxylation of levodopa coupled with the 
amount of radiolabeled dopamine stored in vesicles. Reduced DAT binding is the 
earliest indication of dopaminergic dysfunction in individuals and serves as poten-
tial biomarker of preclinical PD. 33 Another radiolabelled 11C-dihydrotetrabenazine 
detects nigrostriatal deficits in preclinical PD indicating the severity of PD.

DAT SPECT

Single photon emission computed tomography (SPECT) imaging technique 
aids in visualising the dopamine transporter (DAT) levels in the brain. Studies 
revealed reduced binding of DAT in patients with PD which further indicates 
the severity and asymmetry of motor clinical scores. 34 Binding of N-fluoropro-
pyl-2b-carbomethoxy-3b-4-[123I] iodophenyl-nortropane  ([123I]-FP-CIT) to the 
striatum is helpful in detecting the severity even at preclinical stage in subjects 
with de novo PD, thus any abnormality in imaging serves as fruitful biomarker 
of early PD. 35

Trans Cranial B-Mode Sonography (TCS)

Most reliable method used to measure the velocity of blood flowing through 
brain vessels by measuring the echoes and frequency of ultrasound waves. 
When patients with PD are subjected to TCS increased echogenicity of substan-
tia nigra is traced in the brains of PD patients. According to Skoloudik et al., 
higher echogenicity is mainly due to elevated levels of iron, gliosis due to altera-
tion or malfunction of blood brain barrier. 36
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Magnetic Resonance Imaging (MRI)

MRI is a form of DWI (Diffused Weighted Imaging) which is based on diffusion 
principle. It measures the amount of water diffused through the tissue thereby 
determines the structural defects. Increased diffusivity of water indicates the 
necrosis of cells or reduced volume of the tissue region. This technique also dis-
tinguishes PD from multiple system atrophy (MSA). Patients with MSA exhibits 
more diffusivity of water in the middle cerebella peduncles compared to PD 
patients. 37 High resolution 3-Tesla MRI can also trace the diminished volume 
of caudate and putamen in PD patients. 38

Genetic Biomarkers in preclinical PD

Alpha-Synuclein – Levels of a-synuclein in PD patients’s CSF have been 
found to be decreased which is due to syucleinopathy. 39 Thus a-synuclein is 
employed as a potential biomarker in clinical diagnosis of PD. 40

LRRK2 (OMIM*609007) – Mutations in LRKK2 is responsible for 10-15% 
of familial cases with autosomal dominant PD, 41 30-40% of familial cases are 
mainly due to mutations in LRRK2 such as G2019S which was evolved as a po-
tential screening tool in Ashkenazi Jews and North African Arabs. 42, 43

Multi functional protein DJ-1(OMIM*602533) - Decreased levels of this 
protein is responsible for familial, Autosomal recessive PD. 44

Parkin gene (OMIM*601828) - Mutation of parkin gene is major cause of 
several tumors and autosomal recessive PD. 45

Transcription factor NURR1 (NR4A2) (OMIM*601828) - It is a mem-
ber of nuclear receptor family essential for the development, survival, func-
tional maintenance of dopaminergic neurons in midbrain. 46 A study conducted 
on 278 subjects suffering from PD, 166 healthy subjects and 256 controls with 
neurological disease and the results revealed that there is decreased expression 
of NURR1 gene in PD patients. 47

Cocaperone st13 (omim*606796) - It stabilizes Heat shock protein-70 
(HSP-70) which has the ability to modify α-synuclein misfolding and toxicity. 
Levels of ST13 m-RNA was significantly reduced in PD patients. 48

Biomarkers in clinical phase of pd

Clinical phase of PD is associated with motor symptoms such as bradykinesia, 
rigidity and resting tremors. Detection of motor signs and symptoms serves as 
potential markers in progression of disease at different stages. NIH sponsored 
a clinical trial study named DATATOP for determining motor scores to identify 



241Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

disease progression. Several non-motor features precede the classical motor 
features. Such as olfactory dysfunction, REM sleep disorder, bowel dysfunction 
and depression serve as markers of disease. 49

Neurochemical biomarkers in parkinson’s disease

Orexin

Lateral and posterior neurons of hypothalamic region possess a neuropeptide 
hormone named orexin also known as hypocretin. It has a key role in regulating 
sleep-wake cycle, 50 cardiovascular response, hypertension 51 and heart rate. Nar-
colepsy seen in PD patients is mainly due to degeneration of hypocretin neurons 
in hypothalamus. Severity of disease is directly related to the concentration of 
orexin. 52 Orexin levels are decreased in PD patients than healthy subjects.

Glial fibrillary acidic protein (GFAP) in CSF is expressed by astrocytes. In-
creased GFAP levels mainly responsible for decreased levels of orexin, thus 
GFAP is considered as potential biomarker. 53

8-Hydroxy-2’-Deoxyguanosine (8-OHdG)

It is a reactive oxygen species (ROS) of 8-hydroxyguanine responsible for 
DNA lesions. 54 Increased serum levels of 8-OHdG are observed in PD. Hence, 
8-OHdG serves as potential biomarker in PD. 55

Dopamine transporter (DAT)

Increased dopamine levels are toxic to the neurons by undergoing oxidation to form 
reactive quinones. In order to maintain the levels of dopamine, dopamine trans-
porters such as vesicular monoamine transporter 2 (VMAT 2) store excess dopa-
mine in vesicles. Any change in dopamine transporter levels is an indicator of PD. 56

Dopamine metabolites

Decreased levels of 3, 4-dihydroxy phenyl acetic acid (DOPAL) and DOPA in 
CSF are helpful in diagnosing preclinical PD. DOPAL is responsible for oli-
gomerization and aggregation of α-synuclein in PD. 57         

Dopamine Receptor

Among the five different types of dopamine receptors (D1-D5), D3 type of re-
ceptor is significantly reduced due to reduced dopamine signals [55]. Therefore, 
D3R is used as a potential biomarker for PD. 58

Apolipoprotein A1 (APO A1)

Liver and small intestine are the major sources of APO A1 which is an essential 
constituent of high-density lipoprotein (HDL). APOA1 along with APOE are in-
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volved in lipid transportation in the brain. 59 CSF of PD patients show reduced 
levels of APOA1and tetranectin have been observed, thus act as a potential bio-
marker for PD. 60, 61

RNA-Based PD Biomarkers

A novel diagnostic approach is developed to identify PD in early stages. MiR-
NA’s are non-coding which consists of 21-24 nucleotides emerged as potential 
biomarkers of PD because of their presence in CSF as well as in exosome. A 
study conducted by Dos Santos et al  analyzed expression of miRNA profile us-
ing NGS (next generation sequencing)  in CSF of PD patients and identified 
miRNA based biomarker pannel of Let-7f-5p,miR-125a-5p,miR-151a-3p,miR-
27-a-3p and miR-423-5p five best ranking variables. 62

Peripheral Proteasome and Caspase Activity

PD is associated with accumulation of intracellular inclusions called Lewy’s 
bodies (LB). Mutations in proteasomes lead to their dysfunction and potenti-
ates accumulation of aggregated a-synuclein. 63 Increased ROS in case of mito-
chondrial deficiency increases oxidation of a-synuclein leading increased ATP-
independent proteosomal activity and greater a-synuclein oligomerization. Any 
changes in ATP levels inhibit 26s proteasome. 64 Severity of the disease is as-
sociated with decreased proteosome 20s activity and increased caspase 3 activ-
ity. Raised levels of caspase 3 initiate apoptosis thereby decrease proteasome 
activity. Therefore, proteasome and caspase are used as potential biomarkers. 65

Novel Biomarkers in PD

Proteomics, metabolomics and transcriptomics are novel tools capable of trac-
ing any changes in protein, metabolites, RNA profiles and body fluids to distin-
guish healthy subjects and diseased subjects. 66

CSF fluid metabolite profile

Pathological changes in brain are directly related to composition abnormalities 
of CSF. PD is associated with neurodegenerative changes of dopaminergic neu-
rons in nigrostriatal pathway. Levels of dopamine and its metabolites determine 
the progression and severity of the disease and are considered to be potential 
biomarkers.

CSF fluid is analyzed by various analytical techniques, one of the analytical tech-
niques used for analyzing CSF is LCECA (LC-electrochemistry array). Reduced 
levels of homovanillic acid (HVA), dihydoxyphenylaceticacid (DOPAC), L-Dopa 
and dihydroxyphenylglycol have been reported in PD patients. 67
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Another analytical technique used is gas chromatography-time of flight/ mass 
spectrometry (GC-TOF/MS), various metabolites such as tryptophan, creatinine, 
3-hydroxyisobutyricacid; glucose mannose levels are reduced in PD patients. 68, 69

Blood profile	
Screening of blood of healthy and diseased subjects suffering from PD led to 
the discovery of novel biomarkers for diagnosis of the disease. Dysregulation of 
kynurenine pathway is seen in PD patients. 70, 71, 72 The changes in kynurenine 
metabolites in PD serves as biomarker and also pave the way to novel therapeu-
tic strategy for treating PD by giving kynurenic acid supplement or by reducing 
quinolinic acid using kynurenine 3-monooxygenase inhibitors. Urate levels in 
blood have significant importance in determining the progression and severity 
of the disease. Urate is an important antioxidant present endogenously. 73 Attrib-
uting to its antioxidant property increased urate levels help in fighting against 
oxidative stress in PD patients. High urate levels indicate low risk and slow pro-
gression of the disease. 74, 75 These findings led to the longitudinal study of a nu-
tritional supplement inosine which increases urate levels so used in treating PD.

Sometimes misdiagnosis of PD due to presence of co-existing neurodegenera-
tive diseases such as progressive supra-nuclear palsy (PAP), primary progres-
sive multiple sclerosis (PPMS), multiple system atrophy (MSA) may misled the 
diagnosis and treatment.

NMR (nuclear magnetic resonance) and LC-MS (liquid chromatography-
mass spectrometry)  study reports revealed that branched chain amino acids 
(BCAA’S) levels are high in patients with PD, PAP, MSA compared to healthy 
subjects. 76 N-8-acetyl sperm dine is effective in determining disease onset and 
progression of the disease. In addition to the biomarker activity it also plays 
significant role in delaying or slowing down the progression of the disease. 77

Urine analysis

Biopyrrin is the oxidative product of bilirubin. Biopyrrin exacerbates the oxida-
tive stress associated with PD and identified as novel biomarker for sporadic 
PD. 78 Urine being a rich source of metabolites is screened by GC-MS and LC-
MS techniques. Results revealed that dysregulation of steroidogenesis, trypto-
phan, and phenylalanine pathways are related to the progress of the disease.

Fecal examination

Fecal short chain fatty acids (SCFAs) promote GI motility and regulate functions 
of ENS (enteric nervous system). GC-based analysis reported the decreased lev-
els of SCFAs are responsible for development of gastrointestinal motility disor-
ders in PD patients compared to controls. 79, 80
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Other Naive Biomarkers

Reflex tears

Reflex tears emerged as novel biomarker for diagnosis of PD. Reflex tearing 
involves the sensory and afferent nerve fibers which are damaged in PD. A 
study conducted involving 84 PD patients and 84 healthy controls. Oligomeric 
α-synuclein (α-syn oligo), total α-synuclein, lactoferrin and matrix metallopro-
teinase 9 levels are raised in tears of PD patients compared to healthy controls. 
Flow rate is significantly reduced in PD patients. 81, 82

Saliva α-synuclein

A study conducted at Al-Mustansiriya University engaged 20 PD patients and 
20 healthy subjects. Each subject is tested for salivary flow rate, salivary protein 
and α-synuclein using ELISA (Enzyme linked immune sorbent assay). Unstipu-
lated saliva collected from each subject and it is screened through ELISA. Saliva 
α-synuclein levels is less in PD patients compared to healthy subjects. There-
fore, saliva α-synuclein can be used as a potential biomarker in PD. 83

Interleukins (IL-6, IL-10, IL-12)

High plasma concentration of proinflammatory agents like IL-6, IL-10 and IL-
12 increases the risk of PD and thereby causing immunological disturbances in 
PD patients. 84, 85

Low density lipoprotein

A study involving 236 PD patients and healthy controls reported that reduced 
LDL levels increase the risk of PD. This further promotes the novel therapeutic 
strategy of decreasing the risk of PD by increasing cholesterol levels. 86, 87

Hair color

In PD patients the dark color of hair found to be decreased. Red hair colored 
and blond subjects are at high risk of PD and have a role of pigmentation in 
pathogenesis of PD. 88

All the above-mentioned naive biomarkers are interesting and worth but need 
to be validated to consider as potent biomarkers. Figure 4 represents the vari-
ous biomarkers of PD.
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Figure 4. Biomarkers in Parkinson’s disease

RESULTS and CONCLUSION

PD is the second most common neurodegenerative disorder affecting more than 
10 million individuals worldwide. Because of considerable time lapse between 
neuronal damage and appearance of clinical symptoms, it is essential to discov-
er and develop the biomarkers and diagnostic tools for prognosis of the disease 
and developing novel strategies in treatment. Quality of life improvement is the 
most urgent and unmet need in the field of science. Biomarkers are the unique 
tools which ease the process of diagnosis of the disease at early stages to identify 
at-risk individuals. Imaging techniques such as DAT-SPECT, MRI and PET are 
available but because of high cost and nonspecific target these techniques are 
not validated at preclinical stages. Many neurochemicals, non-motor features 
such as anosmia, olfactory dysfunction, constipation emerged as successful bio-
markers for future diagnosis of PD pathology. Newly introduced biomarkers 
such as reflex tears, salivary levels of α-synuclein gathered considerable atten-
tion but they need to be validated to use them as potential biomarkers.

Single parameter is unlikely to become a fruitful biomarker. Intensive examina-
tion is to be done to introduce potent biomarkers which further potentiate the 
development of therapeutic strategies to increase the quality of life of patients 
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by prognosis of the disease. Studies which allow the assessment of combined 
data from various fields such as clinical, laboratory, imaging, and genetics must 
be preferred. Current review is presented with myriad of biomarkers and their 
ability to develop the novel therapeutic strategies in treating PD but these find-
ings are just the “tip of the iceberg”. In order to get access to the wider picture 
of PD etiology in-depth biological investigation has to be done. Discovery of 
miRNAs is a breakthrough in field which is a growing hope that screening these 
miRNAs greatly contribute in diagnosing the disease at early stages. Parkin-
son’s Progression Markers Initiative (PPMI) is conducting an observational 
clinical study aimed to evaluate the data obtained through cohort studies em-
ploying patients with PD along with healthy subjects utilizing advanced imag-
ing, sampling coupled with other laboratory biomarkers using body fluids to 
identify biomarkers of Parkinson disease progression. With the application of 
novel techniques such as proteomics, metabolomics, genomics and transcrip-
tomics, it is likely to develop biomarkers which aid in detecting asymptomatic 
individuals with early disease so that they get benefit from early therapeutic 
intervention.
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INTRODUCTION

Extended drug delivery systems are increasingly attracted due to reduction in 
dose frequency, decreasing of fluctuations in plasma concentration level and 

ABSTRACT

Dipyridamole’s bioavailability decreases with increasing gastric pH. To overcome 
this problem it was planned to prepare three-layered floating Dipyridamole films 
by floating enhancers and release controlling polymers for remain buoyant in the 
stomach. It focuses on the development and in vitro evaluating of the floating film in 
hard gelatine capsule through the design of experiment using different hydrophilic 
polymers, hydroxypropylmethylcellulose (HPMC) K4M and hydroxyethylcellulose 
(HEC). The amounts of HPMC K4M and HEC were independent variables, affecting 
film formulations found as 0.242 g and 0.337 g, respectively. The thickness of films, 
swelling index and percent of drug release in 4th hour were dependent variables 
found as 2.44±0.09 mm, 137.9%±1.11% and 67.07%±3.28%, respectively. In conclu-
sion, the best fitted kinetic model was the Higuchi model where the drug release was 
controlled by diffusion, and optimized floating film formulation could be offered as 
a promising strategy to increase the bioavailability of Dipyridamole.
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raising patient compliance. During the development of these dosage forms may 
get into the some difficulties such as the inability to complete absorption of 
drug in therapeutic diversity, and it is difficult to remain in the desired and ad-
equate period in the stomach1. For this reason, there is an increased interest in 
the floating dosage forms2 and gastroretentive dosage forms3. 

Floating systems are the part of the extended-release systems and extremely 
hopeful approaches if there is an unexpectable gastric emptying time problem 
and the active ingredient has low gastric residence time. Especially if the drug 
has low solubility and low bioavailability, floating systems may be a different 
way of new applications. Therefore, as the absorption of the drug increases the 
effectiveness of the dosage form increases, and it is possible to provide benefits 
targeting the specific region4.

As gastric transition time is increased, fluctuations in plasma drug concentra-
tion levels can be controlled more effectively with these systems. As a result, 
good gastroretentive behavior can be achieved. And also, this makes it easier to 
obtain prolonged drug release period5. 

Dipyridamole is a BSC Class II weakly basic drug that is absorbed in the upper 
intestine and it has pH-dependent solubility.  Its bioavailability decreases with 
increasing gastric pH. It is used for the treatment of angina pectoris because of 
preventing effect from the myocardial infarctions and thrombosis. This effect 
is provided by phosphodiesterase 5A inhibition so prevents aggregation and 
blocking the reuptake of adenosine via red blood cells. It also scavenges the 
free radicals that inactivate cyclooxygenase, leading to the inhibition of platelet 
activation and thrombin generation6.  

HPMC K4M is a bioadhesive material and used for coating agent, controlled-
release agent, extended-release agent, film-forming agent, granulation aid, 
modified-release agent, mucoadhesive, release-modifying agent, solubiliz-
ing agent, stabilizing agent, suspending agent, sustained-release agent, tablet 
binder, thickening agent, viscosity-increasing agent. It is widely used in oral, 
ophthalmic, nasal, and topical pharmaceutical formulations7.

HEC is a nonionic, water-soluble polymer used for coating agent, suspending 
agent, tablet binder, thickening agent, viscosity-increasing agent in pharmaceu-
tical formulations7.

Experimental researches need a long process, attention and self-sacrifice. They 
are carried out by experimental design methods recently. So researchers can 
minimize raw materials, labor and time consumption. That is why they can 
achieve correct results quickly with less raw materials and there is no need for 
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lots of energy or labor. One of the most preferred experimental design program 
Design Expert is a software for high accuracy data in scientific studies. It ex-
plains multifactor data and offers interpretation results. For the optimization, 
it brings out polynomial equations and investigates the response over the ex-
perimental data8.

In this research paper, a new formulation of floating dipyridamole three-layers 
film was developed and evaluated. Floating systems or dynamically controlled 
systems are low-density systems and can float over the extended period of time 
due to remain on the surface of the stomach fluid without being affected by gas-
tric emptying time. Thus, the fluctuations in plasma active substance concen-
tration can better be controlled as it increases the residence time in the stom-
ach.5 For this reason, preparing the floating formulation of Dipyridamole will 
bring many advantages for its absorption. The more amount of drug remains 
in absorption region, the more amount of drug absorbed. An equal amount of 
active ingredient was added for each layer to fit the desired amount of active in-
gredient into the dosage form, that is why three-layered film was prepared. Two 
different polymers were used during the preparation. HPMC K4M (Hypromel-
lose) was responsible for delaying release and, HEC (Cellosize HEC, Natrosol)9 
was responsible for floating in stomach because of its low density and structural 
integrity.

METHODOLOGY 

Materials

Dipyridamole was kindly donated by Sanovel Pharmaceuticals, HPMC K4M 
and HEC were obtained from Ashland, glycerine and ethyl alcohol were pur-
chased from Merck. All other chemicals and reagents used in this study were of 
analytical grade.

Methods

Preparation of floating films

The solvent casting method was used to prepare three-layers of floating film 
formulations10. HPMC K4M and HEC were used as a film-forming agent and 
glycerine was added to the formulation as a plasticizing agent. The amounts 
of HPMC K4M and HEC included in the formulation were obtained from the 
design expert software (Table 1). 

For the preparation of the first layer of film formulation, half of the amount of 
HPMC K4M was12 weighed, and 3.5 mL distilled water was added on the poly-
mer, after this the solution left to swell overnight by solvent casting. After that, 
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200 mg dipyridamole weighed and dissolved in 4.5 mL ethyl alcohol at 40°C in 
an ultrasonic bath (Bandelin Sonorex-Germany) and poured on to the solution 
followed by the addition of 1.2 mL glycerine, then the solution was allowed to 
dry at 37°C for 12 hours. For the second layer, the amount of HEC was weighed 
and 7 mL distilled water added to the polymer, and it left overnight. Then 200 
mg dipyridamole was weighed and dissolved in 4.5 mL ethyl alcohol at 40°C in 
an ultrasonic bath and poured to the HEC followed by the addition of 1.2 mL 
glycerine. Then the solution poured to the first layer. This two-layered film was 
allowed to dry at 37°C for 12 hours. Then, the third layer has prepared with the 
same method as the first layer. The flow chart of this method is given in Fig. 1. 
After the drying of the third layer, one film has formed. This film then divided 
into four equal parts. Each part of them contains 150 mg dipyridamole.  

Table 1. Experimental design matrix

Formula
Factor1

(HPMC K4M) mg
Factor2

(HEC) mg

F1 0.27 0.36

F2 0.14 0.36

F3 0.27 0.23

F4 0.36 0.27

F5 0.40 0.36

F6 0.36 0.45

F7 0.18 0.45

F8 0.27 0.49

F9 0.18 0.27

F10 0.27 0.36

F11 0.27 0.36

F12 0.27 0.36

F13 0.27 0.36

*Glycerine (1.2 mL), ethyl alcohol (4.5 mL) and distilled water (7 mL) were 
added in all formulations.
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Figure 1. Flow chart of films to be prepared (*Each layer includes 1.2 mL glycerine)

Experimental Design

Film formulations were optimized by the response surface methodology (RSM). 
According to preliminary studies and literature review, X1 (HPMC K4M) and X2 
(HEC) were selected as independent variables. X1 was entered into the design 
expert software between 0.18 g and 0.36 g, while X2 was entered between 0.27 
g and 0.45 g. Plasticizer concentration was kept constant in all formulations. 
Independent variables were studied at 5 different levels (-α, -1, 0, +1, +α) us-
ing central composite design (CCD). To improve accuracy of the method, the α 
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value of 1.41 was determined (α value was chosen 1.41 to provide the the rotat-
ability and orthogonality of the design) and total 13 experiments were carried 
out with 4 factorial points, 4 axial points and 5 replications of the central point 
(Table 2). 

Table 2. Selected variables in central composite design

Variables Level of variables    

-1.41 -1 0 1 1.41

A HPMC K4M(mg) 0.14 0.18 0.27 0.36 0.40

B HEC (mg) 0.23 0.27 0.36 0.45 0.49

Y1 (thickness), Y2 (swelling index) and Y3 (drug release) were chosen as de-
pendent variables. 

Design-Expert software was used for experiment design and statistical analysis. 
Response was predicted by the quadratic polynomial equation:

Y: β0  + β1X1+ β2X2+ β12X1X2+ β11 X1
2+ β22 X2

2

Where Y is predicted response, X1 and X2 independent variables, β0 is the arith-
metic mean response of the all runs, β1 and  β2 are the predicted coefficients for 
the dependent factors X1 and X2,  respectively. X1X2 displays how the response 
changes when two factors are simultaneously changed. The polynomial terms 
(X1

2 and X2
2) are used to evaluate nonlinearity.

Analysis of variance (ANOVA) was applied to interpret the effect of independ-
ent variables on the dependent variables, and p<0.05 was considered to be 
statistically significant. Optimal responses were determined considering mini-
mum thickness and maximum swelling index and in vitro release values. The 
optimized formulation was prepared in triplicate, and the obtained experimen-
tal results were compared to the predicted values.  

Characterizations of floating films

Thickness of films

The thickness of films was measured at different points by using dial caliper 
(Japan). The average thickness, standard deviation and RSD% were calculated. 

Swelling index of films

The swelling behavior of polymers was determined by the water uptake study. 3 
cm x 5 cm x 3 cm sponge was soaked with 0.1 N HCl, and placed in a petri dish. 
Because the sponge is constantly wet, about 1 cm high 0.1 N HCl was added into 
the petri dish. A filter paper was placed on the upper part of the sponge. It is 
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made sure that the filter paper was completely wet with buffer. The setup was 
kept 15 minutes to stabilize before the experiment. Wet paper and the dry film 
were weighed separately, then it was placed on the setup. A glass fan closed 
to prevent the system airing. The initial mass of the setup is recorded. For the 
first six hours, the mass of the setup was recorded, with one-hour interval. The 
difference between the first weight and “t” time weight was figured out then 
water absorption capacity was calculated by Equation 111.  The experiment was 
repeated three times for each formulation and standard deviation values were 
determined.  

Swelling index = (Wt – W0) / W0 x100          Equation 1

Wt = weight of film at t time

W0 = Initial weight

Drug content of films 

Three-layer films put in 100 ml alcohol and stirred continuously using a me-
chanical stirrer (Kika Werke RT15-Germany) at the 40±2°C and the samples 
were withdrawn at the end of three hours and the drug content was determined 
spectrophotometrically at 283 nm. The experiment was carried out three times.

Mechanical properties of films

Mechanical properties of optimum film formulation (n=3) were performed us-
ing a texture analyzer (TA.XTPlus, Stable Micro Systems-UK) with a load cell of 
5 kg. The film (1x4 cm) was placed between clamps at distance of 2 cm. Clamps 
were removed from each other with a constant crosshead speed of 0.5 mm/s 
until breakage of the films. The tensile strength and elongation at break (%) 
were calculated using the following Equations12.

Tensile strength=Breaking force (N) / Cross-sectional area of film (cm2)                   
Equation 2

Elongation at break=Increase in length at breaking point (mm)/initial film 
length (mm) x 100           Equation 3

Dissolution of floating films

Dissolution test was performed in 900 mL 0.1 N HCl at 37°C±0.5. USP appa-
ratus II (Sotax-Switzerland) was used, and the rotation speed was 50 rpm. At 
the predetermined time intervals samples were withdrawn, and replaced with 
the same amount of fresh buffer mediums13. Schematic illustration of the appa-
ratus used for dissolution studies of films is depicted in Fig. 2. The absorbance 
of samples was analyzed with required dilutions spectrophotometrically at 283 
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nm.

Figure 2. Schematic diagram of film and wire meshes in dissolution wessel

Kinetic models on drug release data

Drug release kinetics have a pivotal role in the field of drug delivery since they 
get profound vision into the mechanism from the dosage forms. For this rea-
son, zero order, first order, Higuchi, Korsmeyer-Peppas, and Hixson-Crowell 
release kinetic models were examined to understand drug release kinetics. Ki-
netic models were evaluated by the coefficient of correlation (r2). The highest 
degree of r2 values determines the best appropriate kinetic model. All calcula-
tions were carried out according to the following kinetic equations. 

Zero-order model: Qt=k0t        Equation 2 

where Q is the amount of drug released at time t and k0 is the zero-order release 
rate constant. 

First-order model: LogQt = LogQ0 – k1t        Equation 3 

where Q is the amount of drug release at time t and K is the first-order rate 
constant. 

Higuchi-diffusion model 

Qt = KHt1/2        Equation 4 

where Q is the amount of drug released to the membrane (in mg) at time (t) in 
minutes. KH is the Higuchi square root of time release constant. 

Korsmeyer-Peppas model Ct/C∞ = Ktn        Equation 5

where Ct/C∞ is a fraction of drug released at time t, K is the release constant, 
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and n is the release exponent. 

Hixson-Crowell diffusion release model Q0
1/3_ Qt1/3 = KHCt        Equation 6 

where Q t/Q is the amount of released drug at time t, K is the constant compris-
ing the structural and geometric characteristics of the formulations, and n is the 
release of exponent14.

In vitro buoyancy studies of films

The in vitro buoyancy includes floating lag time and total floating time15. In this 
study, disintegration time of capsules and time of rising to the surface of disso-
lution medium were floating lag time. The total floating time study was carried 
out at 37±0.5°C in filled 900 mL 0.1 N HCl dissolution wessel. The turbulence 
was created in it due to the pedals10. The floating behavior was observed. The 
floating film at different time intervals is depicted in Fig. 3.

Figure 3. The floating film in 0.1 HCl (a) Initial time (b) 4th hour (c) 8th hour

Floating films into hard gelatine capsule

The prepared films were encapsulated for ease of oral use. For this purpose, the 
dried 6 cm diameter of film in which area is 28.26 cm2 was removed from the 
petri dish and divided into 4 equal parts. One of them inserted into hard gela-
tine capsule (size 000-CAPSUGEL) as follows (Fig. 4). Each of them contains 
150 mg Dipyridamole. 
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Figure 4. Schematic pattern of three-layers film into hard gelatine capsule

Test on hard gelatine capsules

Disintegration time of hard gelatine capsules 

Disintegration time of floating film in hard gelatin capsules (n=6) was deter-
mined using disintegration apparatus (Sotax CH-4123, Switzerland). The beak-
er was filled with 0.1 N HCl. The temperature was maintained at 37° ±0.5°C. 
The disintegration times noted are the times at which the capsules ruptured, 
which assists minimize the uncertainty associated with determining the disinte-
gration times based on “complete disintegration”. Accordingly, these times are 
described as the times at which first visible cracks in the capsule shell appear. 

Statistical Analysis	

All the experiments were carried out in at least triplicate and the resulting data 
were presented as the mean±standard deviation (SD). Statistical analyses were 
performed using one-way ANOVA with Tukey’s post hoc test. A difference with 
p<0,05 was considered to be statistically significant.

RESULTS and DISCUSSION 

Results of test on floating film formulations

Influence of independent variables on thickness

As indicated in Table 3, the thickness of the film was found to be in the range 
from 1.90 to 3.26 mm. ANOVA results in Table 4 indicated that the amount 
of HPMC K4M and HEC amounts in the formulation were mainly affected (p 
value<.001) film thickness. When the 3D response surface graph in Fig. 7A is 
examined that thickness of film increases with increasing amounts of film form-
ing polymers16.

The following equation was used to predict the thickness of film:

Y1: 2.04 +0.27 X1 +0.23 X2 +0.08 X1 X2 +0.17 X1
2 +0.3 X2

2
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where Y1 is thickness value, while X1 and X2 are the coded values of HPMC K4M 
and HEC, respectively. The model F value (17.47) and low P-value (0.001) im-
plied the significance of the model equation as displayed in Table 4. The lack of 
fit of the model (P=0.103) was not significant. 

Table 3. The results of in-vitro characterization study of film formulations

Formulation
Code

Average thickness 
of films (mm)

Average drug 
content (%)

Swelling index (%)
In-vitro release for 

4th hour (%) 

F1 2.05±0.14 93.42±0.87 149.49±8.70 71.94±5.54

F2 2.16±0.24 97.06±2.35 97.05±1.81 74.40±6.65

F3 2.47±0.44 93.62±0.73 109.35±2.04 74.37±3.60

F4 2.45±0.47 92.58±1.69 89.62±7.63 72.02±5.27

F5 2.66±0.11 92.43±1.21 73.87±1.88 62.60±4.06

F6 3.26±0.54 97.37±0.68 115.21±3.50 65.53±0 .94

F7 2.39±0.12 91.26±1.11 79.15±2.90 73.12±3.08

F8 2.86±0.36 89.32±2.04 104.2±5.81 68.26±3.79

F9 1.90±0.44 89.96±1.15 109.31±1.57 67.93±5.54

F10 2.07±2.07 97.37±1.25 124.15±7.30 66.92±6.37

F11 2.08±2.08 92.37±0.50 134.45±6.70 69.44±0.73

F12 2.04±2.04 92.87±0.11 137.56±8.45 74.37±10.20

F13 1.98±1.98 96.45±2.18 141.71±5.65 74.09±2.90

Table 4. ANOVA Results for response Y1

  Sum of   Mean F p-value  

Source Squares df Square Value Prob > F  

Model 1.78 5 0.36 17.47 0.0008 significant

A-X1 0.57 1 0.57 27.79 0.0012

B-X2 0.43 1 0.43 21.05 0.0025

AB 0.026 1 0.026 1.26 0.2991

A2 0.21 1 0.21 10.3 0.0149

B2 0.63 1 0.63 30.99 0.0008

Residual 0.14 7 0.02

Lack of Fit 0.14 3 0.045 29.71 0.1034 not 
significant

Pure Error 6.12E-03 4 1.53E-03

Cor Total 1.92 12        
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Influence of independent variables on swelling index

The swelling index was calculated by Equation 1 and the results were shown in 
Fig. 5. When the time increased it was also increased depended on the hydra-
tion. Generally, all formulations have good swelling character because of the 
polymers’ natures. HPMC K4M and HEC are good gel-forming, highly swellable 
and matrix-forming agents. It was observed to have increased swelling index 
depending on time. It was found to be in the range from 73.87% to 149.49% 
(Table 3). ANOVA results in Table 5 indicated that the change in the amount of 
HPMC K4M (p<0.001) had more influence than the change in the amount of 
HEC (P:0.068) on the swelling index.
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Figure 5. Swelling index cumulative column graph 

The following equation was used to predict the swelling index:

Y2: 137.47 – 2.05 X1 – 1.48 X2 +13.94 X1 X2 -25.45 X1
2 -14.8 X2

2

Where Y2 is swelling index value, while X1 and X2 are the coded values of HPMC 
K4M and HEC, respectively. The model F value (13.26) and low P-value (0.001) 
implied the significance of the model equation as displayed in Table 5. Lack of 
fit of the model (P=0.418) was not significant.  
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Table 5. ANOVA Results for response Y2

  Sum of   Mean F p-value  

Source Squares df Square Value Prob > F  

Model 6267.88 5 1253.58 13.26 0.0019 significant

A-X1 33.67 1 33.67 0.36 0.0003

B-X2 17.56 1 17.56 0.19 0.0682

AB 777.02 1 777.02 8.22 0.0241

A2 4507.44 1 4507.44 47.69 0.0002

B2 1523.19 1 1523.19 16.12 0.0051

Residual 661.64 7 94.52

Lack of Fit 312.63 3 104.21 1.19 0.4182 not 
significant

Pure Error 349.01 4 87.25

Cor Total 6929.51 12        

It has been reported that HPMC matrices were effected more than Carbopol 
matrices on percentage swelling17. HPMC K4M has a positive effect on swelling 
index due to its hydrophilicity and swellability18,19. The hydroxypropyl groups 
in the HPMC K4M indicate more affinity to water molecules. This behavior can 
be observed clearly in Fig. 7B as an increase in HPMC K4M amount resulted in 
increased swelling index until a value near 0.27 g. The increase in the amount 
of HPMC K4M after this value led to a decrease in the swelling index possi-
bly due to the presence of more physical entanglements between film-forming 
polymers20-22.

Influence of independent variables on in vitro release profile

Since the drug release profiles of all formulations reached the plateau value in 
the first 4 hours (Fig. 6), the cumulative drug release values at 4th hour were 
chosen to evaluate the effect of the independent variables on the drug release 
profile. 
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Figure 6. In vitro release profiles of formulations (n=6)

As indicated in Table 3, the in vitro drug release was found to be in the range 
from 62.6% to 74.4%. ANOVA results in Table 6 indicated that the change in the 
amount of HPMC K4M (p<0.005) had more influence than the change in the 
amount of HEC (P:0.299) on the drug release profile. When the 3D response 
surface graph in Fig. 7C is examined that the amount of drug released of the 
formulations decreases with increasing amounts of HPMC K4M23,24. 

The following equation was used to estimate the in vitro drug release:

Y3: 71.35 -2.52 X1 -1.24 X2 -2.92 X1 X2 -1.49 X1
2 -0.083 X2

2

where Y3 is in vitro release value, while X1 and X2 are the coded values of HPMC 
K4M and HEC, respectively. The model F value (12.3) and low P-value (0.001) 
implied the significance of the model equation as displayed in Table 6. Lack of 
fit of the model (P=0.497) was not significant. 
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Table 6. ANOVA results for response Y3

  Sum of   Mean F p-value  

Source Squares df Square Value Prob > F  

Model 112.94 5 22.59 12.3 0.0013 significant

A-X1 50.94 1 50.94 5.18 0.0048

B-X2 12.35 1 12.35 1.26 0.2994

AB 34.11 1 34.11 3.47 0.1049

A2 15.45 1 15.45 1.57 0.2503

B2 0.048 1 0.048 4.86E-03 0.9464

Residual 68.86 7 9.84

Lack of Fit 28.61 3 9.54 0.95 0.4974 not 
significant

Pure Error 40.25 4 10.06

Cor Total 181.8 12        

 

Figure 7. 3D response surface plots for (A) thickness, (B) swelling index, and (C) in vitro 
release as a function of HPMC and HEC amounts.

HPMC K4M has higher crosslinking degree, this hydrophilic matrix agent was 
supported the extended release period and floatation25. HPMC was used to make 
Alfuzosine floating beads, delaying release in a region-specific manner26.  Gastro-
retentive dosage form was developed for cefuroxim axetil with HPMC and drug 
release was prolonged to 12 hours27. Domperidone floating tablet study showed 
that HPMC was effected on drug release rate and diffusion coefficient signifi-
cantly28. Floating gastroretentive delivery system was prepared for fexofenadine 
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hydrochloride and HPMC which showed good floating properties in this study29. 
Also, HEC has good swelling properties and floating behavior30. 

The optimum floating film formulation prolonged drug release to 9 hours and its 
total floating time is 9 hours also. If the drug remains longer in the absorption 
region, the more drug is absorbed. Its percent drug release was found 85.78% 
in 9th hour. In this hour, buffer reaches the depths of matrices of rapidly hydrat-
ing polymers. When HPMC K4M contacted with buffer, it absorbs water which 
causes the polymer to swell. Due to this swelling, a viscous gel was formed around 
matrices. This matrice is resistant to water penetration. The drug which is inside 
matrice is released by diffusion due to this gel layer. The drug release is prolonged 
as the diffusion pathway increases, when the gel layer thickness increases31.

Results of in vitro release kinetic studies 

The results of release kinetic analyses of floating films are shown in Table 7.  
The release mechanism was calculated by finding the r2 value for each model. 

The highest coefficient of correlation (r2) value shows the most suitable kinetic 
model of drug release profile32. As seen from Table 7, drug release was found to 
be best fitted by Higuchi model for all formulations. It is pointed that the drug 
release happens from matrix as a square root of time-dependent process and 
diffusion controlled. 

Polymeric systems commonly releases drug through Fickian diffusion. Atenolol 
floating sustained release matrix tablet was prepared that drug release kinetic 
was Higuchi and mechanism was diffusion. Furthermore, Metronidazole float-
ing matrix tablet was developed which uses the same mechanism and has the 
same kinetic33,34.
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Table 7.  Results of different kinetic models’ r2 values

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13
Model 
name

0.740 0.708 0.727 0.848 0.789 0.773 0.717 0.701 0.724 0.718 0.722 0.737 0.746

0.893 0.873 0.891 0.964 0.908 0.893 0.875 0.858 0.867 0.872 0.877 0.898 0.904

0.940 0.922 0.931 0.987 0.964 0.956 0.926 0.916 0.931 0.923 0.928 0.939 0.943

0.847 0.823 0.842 0.934 0.872 0.857 0.827 0.809 0.823 0.824 0.830 0.850 0.857

0.549 0.515 0.523 0.669 0.605 0.589 0.515 0.493 0.526 0.498 0.515 0.547 0.553

18734.1 18646.3 18721.2 10432.6 14654.9 16438.8 18138.1 18723.3 17495.5 18123.9 17481.5 16187.4 15983.1

7128.5 7274.1 7122.4 3945.5 4123.6 5809.5 6128.4 6165.4 6105.4 5993.6 5984.3 5913.5 5843.7

440.1 465.3 459.1 286.4 305.1 314.6 476.3 487.1 391.4 406.3 394.9 319.4 295.1

10165.1 11654.4 10879.4 8756.5 11870.9 12136.4 14781.9 19767.8 14436.9 14315.7 13917.4 13773.7 13175.1

40583.5 48982.3 46447.3 38415.8 42715.8 46881.5 48912.5 51925.6 47176.4 53751.8 48691.8 41829.8 40198.4

Zero order

First order

Higuchi 

Hixson–Cr
owell

Korsmeyer
–Peppas

rss*

r2

Zero order

First order

Higuchi 

Hixson–Cr
owell

Korsmeyer
–Peppas

*The values of the sum of squared residuals

Optimization study results

The optimum film formulation was determined by Design-Expert software 
based on the obtained results from CCD study. Desired limits were set con-
sidering the minimum thickness, maximum swelling index and in vitro disso-
lution values. After the statistical calculations performed by the software, the 
X1 and X2 quantities which are the critical parameters to be entered into the 
formulation were determined as 0.242 g and 0.337 g, respectively. The opti-
mized formulation was prepared in triplicate to evaluate the model accuracy for 
the optimum conditions. As shown in Table 8 the experimental responses were 
found to be in close agreement with the predicted responses. The concordance 
between the results showed the importance and validity of the model. 

Table 8. Predicted and experimental values of the optimized formulation (n=3)

Response Predicted Value Experimental Value Prediction Error (%)

Thickness (mm) 2.39 2.44±0.09 2.09

Swelling Index (%) 135.91 137.9±1.11 1.46

In-vitro Release (%) 68.02 67.07±3.28 1.40
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Drug Content of Floating Film Formulation

In order to determine the homogeneity of the Dipyridamole amount in differ-
ent parts of the film, drug content determination studies were performed. The 
results achieved from the pieces taken from different parts of the film indicate 
that the Dipyridamole is highly recovered from the formulation (92,4%±0,92%) 
and has a homogeneous distribution in the film (Table 9). 

Mechanical Properties of Floating Film Formulation 

Tensile strength is one of the important properties for defining the mechani-
cal performance of the material. As indicated in Table 9, the tensile strength 
value of optimum floating film formulation was found to be 2.65±0.162 N/cm2.  
Elongation at break is the ratio between altered length and initial length after 
breakage of the film formulation. The elongation at break value of optimum 
floating film formulation was found to be 37.21%±0.875%. According to results 
obtained from the study of mechanical proporties, optimum three-layer of float-
ing film formulation represents the capability of film formulation to maintain 
changes of shape without fracture formation. 

Table 9. The results of in-vitro characterization study of optimum floating film formulations

Release kinetics and parametres Optimum value

Korsmeyer–Peppas 0.8203

Higuchi 0.9679

First order 0.9481

Zero order  0.8298

Hixson–Crowell 0.9174

Average Thickness (mm) 2.42±0.31

Drug content (%) 92.4±0.92

Swelling index (%) 137.9±1.11

Tensile strength (N/cm2) 2.65±0.162

Elongation at break (%) 37.21±0.875

In-vitro buoyancy studies

The in vitro buoyancy analysis was conducted at 37° ±0.5°C. The floating film 
at different time intervals is depicted in Fig.3. Optimum film formulation in 
hard gelatin capsules showed sufficient buoyancy time of 9 hours of, as de-
sired.

r2
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Results of films in hard gelatine capsules

Disintegration time

Disintegration time is a significant method to determined the quality of the 
oral dosage forms. It is a process of the oral dosage whereby disintegrates into 
smaller particles before dissolution happens. During the in vitro disintegration 
test, the rupture of the capsules was visually evaluated. Their disintegration 
time was observed less than 4.5 minutes of all formulations. It is easier to disin-
tegrated because gelatin is a globular protein and low molecular weight.

In this research, three-layers of Dipyridamole floating film formulations were 
optimized with an experimental study using RSM. The floating films were pro-
duced using solvent casting method. The effect of the interaction of two inde-
pendent variables (the amounts of HPMC K4M and HEC) on respective depend-
ent variables (the thickness of films, the swelling character of polymers and the 
percent of in-vitro release in the 4th  hour) were investigated. It was observed 
that experimental results ​​and predicted values ​​showed similar results. Poly-
mers showed good swelling characteristic in the 6th hour. HPMC K4M is more 
effective on swelling than HEC because of its polymeric features (independence 
from the medium’ pH and its chains disentangled from the matrix through hy-
dration). If the amount of polymer in floating film increases, the thickness of 
the film increases. The drug release rate slows with increasing amount of poly-
mer in formulations. The release was fitted to Higuchi kinetic model for each 
formulations. Optimum formulation was obtained in 9 hours of buoyancy time 
and prolonged release in 0.1 N HCl. The film was cut four quarter-circle then 
one of them with a conical shaped inserted into a hard gelatine capsule. This 
provided us with ease of oral use. In conclusion, floating film in a hard gelatine 
capsule is an innovative approach for remain buoyant in the stomach. With this 
approach it is possible to overcome the bioavailability problem in high pH val-
ues of the Dipyridamole.
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INTRODUCTION

In recent trends, there are many of newly synthesized active agents that suffer 
from low aqueous solubility and dissolution and therefore have low bioavailabil-
ity. There are two approaches that focus on improving the oral bioavailability that 

ABSTRACT

Olmesartan medoxomil (OLM) is a BCS Class II anti-hypertensive drug, which is 
having low aqueous solubility and low bioavailability of 26%. In the present study, 
the objective of the study was to improve the pharmaceutical limitation of OLM by 
using Molecular Inclusion Technique. Inclusion complex of OLM with Hydroxypro-
pyl β cyclodextrin (HP β-CD) were prepared in drug/carrier molar ratios of 1:1, 1:2, 
and 1:3 by Solvent evaporation and Kneading method along with the Physical mix-
tures. The formation of molecular inclusion complex at 1:2 ratio in the solution was 
confirmed by Job’s Plot study. The inclusion complex were characterized by Phase 
solubility study, Fourier transform infrared spectroscopy, Scanning electron mi-
croscopy, Differential scanning calorimetry and X-ray diffraction studies. In- vivo 
pharmacokinetic study reveals enhanced bioavailability of inclusion complexes.  
Thus, it can be concluded that the formulation of molecular inclusion complex can 
enhance Solubility and Dissolution making the drug more suitable for treatment.
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is enhancement of solubility and dissolution rate and increasing permeability of 
such drugs. Solubilisation, salt formation, complexation, solid dispersion and size 
reduction are commonly used approaches to increase dissolution rate. Amongst 
all these, solid dispersion technology is the promising approach for improvement 
of solubility and dissolution rate of poorly water soluble drugs1. Recently, Solid 
dispersion technology was explored extensively for the delivery of the drugs hav-
ing poor solubility. Solid dispersions are mixtures in which drugs exist either in 
an amorphous form dispersed in the carrier molecule or included into the cavity 
of the carrier molecule2. Molecular inclusion technology has been proved a prom-
ising form of drug delivery. It offers dispersion or inclusion of a hydrophobic drug 
in a hydrophilic matrix of a carrier molecule in order to improve the dissolution 
rate which eventually improves the bioavailability of the drug.

Cyclodextrin (CD) inclusion complexation has been proved as a promising tech-
nique in enhancing solubility of insoluble drugs. There is the formation of host–
guest inclusion complexes by weak intermolecular interaction3. The structure 
of cyclodextrin appears as a truncated cone, which has hydrophilic exterior sur-
face and a lipophilic interior cavity into which drug molecules get entrapped4. 
Hydroxypropyl-βCD (HPβCD) is the commonly used excipients in several phar-
maceutical formulations5. From the literature survey it was revealed that the 
solubility of βCD in water is relatively low (approximately 18.5 mg/mL at 25 
°C), as compared to its derivative HPβCD which has a higher aqueous solu-
bility (approx. 600 mg/mL at 25 °C). The reason behind the higher solubility 
of HPβCD is the chemical modification in the βCD by the addition of hydroxy 
propylene oxide group6. Also, HP-β cyclodextrin is most useful drug complex-
ing agent because of its ability to readily form complexes and reasonable cost. 
Therefore, it was thought worthwhile to select HPβCD as a carrier for the for-
mation of molecular inclusion complex.

Olmesartan medoxomil is a specific angiotensin II type I antagonist used alone 
or with other anti-hypertensive agents to treat hypertension. Olmesartan has 
poor aqueous solubility and low bioavailability of 26%7. In the recent study, 
it was also explored that OLM has a better renal protective effect than other 
Angiotensin receptor blockers. Therefore, improvement of solubility of OLM 
can prove this drug as a better option for the treatment of Hypertension for the 
patients suffering from renal disorder3. HP-βCD forms inclusion complexes in 
both solid and solution state, which can lead to modification in physical as well 
as chemical properties of the guest molecule. Solid drugs can be complexed with 
HP-βCD by using solvent evaporation, freeze drying, kneading, roll mixing etc. 
techniques. 
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The objective of the present study is to develop OLM-molecular inclusion com-
plex with improved solubility using Hydroxypropyl-β cyclodextrin (HPβCD) as 
a carrier with various techniques like physical mixing, solvent evaporation and 
kneading. The study includes phase solubility study, characterization of inclu-
sion complex by DSC and, SEM, determination of stability constant of the com-
plex, solubilisation and stability studies of the product.

METHODOLOGY

Materials

Olmesartan medoxomil (Mylan Laboratories, Hyderabad), HP-β Cyclodextrin 
(Kleptose@ Roquette, France) and other reagents used were of AR Grade.

Preparation of Inclusion Complexes

1) Physical mixtures: The physical mixtures of Drug OLM and HP-β Cyclodex-
trin in different ratios were prepared by mixing the pulverised powders and 
passing them through #100 mesh sieve

2) Kneading: The Drug and HP-β Cyclodextrin were triturated in different ra-
tios using sufficient amount of water to form a thick paste, which was further 
kneaded for 15 minutes. Then it was allowed to dry in a hot air oven. The dried 
mass was then triturated using mortar and pestle, sieved through #100 mesh 
sieve, stored in a desiccator.

3) Solvent evaporation: To a drug solution in 70% v/v of Ethanol (10 ml) appro-
priate amount of HP-β Cyclodextrin, in different ratios were added. This solu-
tion was allowed to stir continuously using hot plate magnetic stirrer until the 
solvent evaporated. Solid dispersion thus obtained was then pulverized, sieved 
through mesh 100, stored in a desiccator.

Characterization of Drug, Excipients and Solid Dispersion 

Fourier transform infra-red spectroscopy (IR)

To study and confirm any drug-excipients interaction, Fourier Transform In-
frared (FTIR) spectroscopy was performed. Initial spectra of the drug (OLM) 
and HP- βCD as control along with the solid dispersions were recorded. About 
5-10 mg of test samples was used to study FTIR. FTIR spectroscopy of the test 
samples were performed by using the KBr scanning over wave number range of 
4000–400 cm−1 with FTIR spectrophotometer (FTIR-8001, Shimadzu, Japan) 
operated with IR Solution Software. 

Drug (OLM), HP- βCD, physical mixture and Solid Dispersion were filled in 
amber colored vials sealed with bromo butyl rubber stoppers and kept in the 
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environmental stability chamber (Remi Lab, Mumbai, India) for accelerated 
stability condition at 40 ± 2oC temperature and 75 ± 5 % relative humidity for a 
period of 30 days. FTIR spectra of samples were obtained and spectra of solid 
dispersions were compared with the initial spectra of drug and excipients. 

Differential Scanning Calorimetry (DSC)

DSC curves of OLM, HP-β Cyclodextrin, physical mixture and solid dispersion 
prepared by kneading method and solvent evaporation were obtained by using 
DSC (SHIMADZU DSC 60 PLUS, Japan) at a heating rate of 5 0C/min from 30 
0C to 300 0C in a nitrogen atmosphere. DSC curves of samples were obtained, 
and spectra of solid dispersions compared with the initial spectra of drug and 
excipients to confirm the formation of inclusion complex.

X-Ray Diffractometry (XRD)

XRD was carried out at room temperature using a D/max 2500VL/PC powder 
X-ray diffractometer (Rigaku, Japan) was operated at 40 kV and 35 mA to ana-
lyse the physical nature of the drug and inclusion complexes. Test samples were 
scanned over a 2θ range of 3–40 with a step size of 0.020º and a step time of 
59.7 s.

Scanning electron microscopy

The SEM images of OLM, HP-β Cyclodextrin and inclusion complexes prepared 
was observed by scanning electron microscope (JSM- 5510 (Jeol Ltd. Tokyo, 
Japan) with the accelerating voltage 10-kV and current of 25 mA. In this tech-
nique, the test samples were placed in the metal stub having two way adhesive 
tape and under reduced pressure of about 2.54 pa; it was coated with the very 
fine platinum film. The SEM images obtained were observed and analysed at 
different scale or resolutions.

Determination of stability constant of the complex

Phase solubility studies

Higuchi and Connors method is a classical method for the Solubility studies, 
thus used here to perform phase solubility studies. In this method, excess drug 
was added to 30 ml of distilled water containing different molar concentrations 
of HP-β cyclodextrin (0.002-0.01 M). These mixtures were shaken on the orbit-
al shakers at 250 revolution per minute for 24 hrs at the room temperature. The 
samples were then removed from shaker and allowed to achieve equilibrium. 
The aliquots were then filtered through wattman filter paper. The samples were 
suitably diluted and analysed using UV spectrophotometer by measuring the 
absorbance at 254 nm wavelength.



279Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

 Spectrophotometric studies 

Complex formation between OLM and HP-β cyclodextrin was studied by keep-
ing the OLM concentration fixed as 2.445 x 10-8 M whereas the concentra-
tion of HP-β cyclodextrin was increased from 0.002 to 0.01M. The spectra of 
the drug were recorded on a UV-Vis spectrophotometer, Shimadzu (UV-1800 
240V, Japan). The change in the absorbance of drug on the addition of various 
concentration of the HP-β cyclodextrin were measured at 254 nm to evaluate 
the stability constant of the complex. A stability constant is a measure of the 
strength of the interaction which represent the equilibrium constant for the for-
mation of a complex in solution.

Similarly, the UV spectra of the OLM, physical mixtures and inclusion com-
plexes prepared by solvent evaporation and kneading method in different ratios 
were recorded and overlayed. The absorbance values of each sample containing 
fixed concentration of drug were measured at 254 nm to evaluate the enhanced 
solubility.

Dissolution and Accelerated Stability studies

In vitro dissolution studies 

In vitro dissolution studies of pure drug, inclusion complexes and innovator 
(marketed product) were performed using LABINDIA DS 8000 USP paddle 
method at 50 rpm in 900 ml of 0.1 N HCl acid (pH 1.2) as dissolution media. 
The temperature was maintained at 37±0.5ºC. 5 ml sample was withdrawn at 
the time intervals of 5, 10, 15, 30, 40 and 50 minutes, filtered through wattmann 
filter paper and analyzed spectrophotometrically at 254 nm. After each with-
drawal of the sample an equal volume of prewarmed fresh medium at the same 
condition, was replaced into the dissolution media to maintain the constant vol-
ume throughout the test9.

Accelerated stability testing

Inclusion complexes were kept in sealed amber coloured bottles, protected from 
light and stored at 40ºC/75% RH for 6 months. The products were analyzed for 
FTIR spectroscopy, drug content and dissolution after 6 month.

RESULTS and DISCUSSION

Physical characterization

FT-IR Spectroscopy:

The FT-IR spectra of pure Olmesartan medoxomil shows characteristic peaks at 
2929.87, (C-H, str), 1707, 1739.79, 1830.45 (C-O, str) and 3288.63 cm-1 (N-H, 
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str) The spectra of molecular inclusion complex of Olmesartan medoxomil with 
HP-β cyclodextrin showed (Fig. 1) The characteristic peaks of Olmesartan me-
doxomil at initial conditions was maintained indicating that there is no chemi-
cal interaction between drug and excipients. Also, it was observed that there 
were no changes in the physical appearance of the samples.

Figure 1.  FTIR spectra of Pure Olmesartan Medoxomil (OLM) and complex of Hydroxypropyl 
β  cyclodextrin (HP βCD) and Olmesartan Medoxomil (OLM).

DSC studies

The DSC thermograms of Olmesartan medoxomil, HP-β cyclodextrin and the 
inclusion complexes are shown in Fig. 2. The DSC curve of HP-β cyclodextrin 
shows a broad endothermic peak which was due to its amorphous nature. The 
sharp peak of Olmesartan medoxomil appeared at 184.02 o C, whereas no such 
peak was observed in inclusion complex prepared with HP-β cyclodextrin sug-
gesting that Olmesartan was molecularly dispersed. It might have been no long-
er available in a crystalline state, and was converted into the amorphous state.
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Figure 2. DSC curves of Pure Olmesartan Medoxomil (OLM), Hydroxypropyl β cyclodextrin 
(HP βCD), Olmesartan Medoxomil (OLM): Hydroxypropyl β cyclodextrin (HP βCD) kneaded 
complex (1:2), and Olmesartan Medoxomil (OLM): Hydroxypropyl β cyclodextrin (HP βCD) 
solvent evaporated complex (1:2).

SEM ANALYSIS

The surface morphological features of OLM, HP- βCD, and inclusion complexes 
are shown in figure 3. The complexes appeared as agglomerates rather than in-
dividual crystalline structures. This change of the particle shape was indicative 
of a conversion of solid crystalline state to amorphous state of the complexes.

Figure 3. Scanning electron microscopic images of A- OLM and HP- β CD, B- HP- β CD, C 
-Inclusion complex of HP β-CD (SE 12) and D- Inclusion complex of HP β-CD (KN 12)
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XRD analysis

The crystallinity of the pure drug and inclusion complexes could be studied 
through XRD patterns as shown in the fig 4. It was observed that pure OLM ex-
hibited a characteristic peaks in the 2ø angle located at 7º, 9 º, 11 º, 12 º, 14º, 16 
º, 19 º, and 21º which indicates the crystalline nature of OLM. Whereas, X-ray 
diffractometer graph of HP-βCD shows no characteristic peak, which indicates 
the amorphous nature of the carrier. When the inclusion complex prepared by 
solvent evaporation and kneading technique were analysed, they also showed 
completely diffused diffraction patterns indicating conversion of crystalline 
form into amorphous. This suggests that OLM was entrapped within the hy-
drophobic cavity of HPβCD. Absence of crystallinity and developed amorphous 
nature of the evaporated and kneaded complexes of OLM: HPβCD suggests the 
improved solubility and dissolution profile of OLM in gastrointestinal media.

Figure 4.  X-ray diffraction patterns of Pure Olmesartan Medoxomil (OLM), Hydroxypropyl β 
cyclodextrin (HP βCD) and kneading complex of  Hydroxypropyl β cyclodextrin (HP βCD) and 
Olmesartan Medoxomil (OLM)
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UV Spectroscopy

The Olmesartan medoxomil solution in the presence of increasing molar concen-
tration of HP-βCD was scanned and analysed on UV spectrophotometer. The spec-
tra of each solution recorded are shown in Fig. 5. There are changes observed in the 
peak intensity in-spite of addition of fixed amount of drug in solution. This may be 
the result of transfer of the drug molecule from water to the HP-βCD cavity, result-
ing in enhanced solubility of drug as indicated by the increased peak intensity10.

Figure 5. Overlay Spectra of Olmesartan Medoxomil (OLM) and various complexes prepared 
with Hydroxypropyl- β cyclodextrin (HP βCD).

Determination of Stability Constants

The complexing behaviour of Olmesartan Medoxomil with the HP-β cyclodex-
trin was studied by the phase-solubility method. The phase solubility diagram 
for the inclusion complex formation between Olmesartan medoxomil and HP-β 
cyclodextrin is shown in Fig. 6. It was observed from the phase solubility dia-
gram that the aqueous solubility of Olmesartan medoxomil have increased lin-
early, as a function of HP-β cyclodextrin concentration. The graph shows the 
value with a slope 0.1957 (r= 0.9643). The stability constant (Kc) of Olmesartan 
medoxomil was calculated as 11858.15 M-1 from the plot of the phase solubility 
diagram and using the equation 
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Kc= (1)
Slope

So(1-Slope)

where, So is the solubility of drug.  It can be concluded from the results obtained 
by using method of continuous variation (Job’s Plot) as shown in fig.7 that the in-
crease in solubility observed was due to the formation of a 1:2 M inclusion complex.

Figure 6. Phase solubility diagram of Olmesartan Medoxomil (OLM) in Hydroxypropyl β 
cyclodextrin (HP βCD) solution.  

Figure 7. Job’s Plot showing stoichiometric ratio of Olmesartan Medoxomil (OLM) in 
Hydroxypropyl β cyclodextrin (HP βCD) molecular inclusion complex.
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Absorption spectra used to confirm the formation of inclusion complex and 
to compare the degree of enhancement of solubility. In this study, absorption 
spectra of HP-β cyclodextrin, Olmesartan medoxomil, physical mixture and in-
clusion complex were taken into consideration. In the absorption spectra for 
Olmesartan medoxomil and the physical mixture there is only a slight increase 
in the absorbance peak along the wavelength was recorded which may be due to 
the higher wetting effect of the available HP-β cyclodextrin with drug. Whereas, 
inclusion complex showed much more rise in intensity at all points of wave-
length, this may be due to the inclusion or molecular dispersion of drug in HP-β 
cyclodextrin cavity.

Stability constant was determined using the Benesi–Hildebrand equation

= + ∆Є 2Kc∆Є X
1

∆A

1

(D)

1

(CD)

1

(D)  

where ∆A is the difference of absorbance at 254 nm, (CD) the HP- β cyclodex-
trin concentration, (D) the drug concentration (constant), and ∆Є is the differ-
ence in the molar absorptivity values between the complex and the free drug. 
The Kc value was calculated to be 5531.12 M-1. It was found that the stability 
constant which was calculated by a spectral shift technique was relatively small 
compared to that obtained by the phase solubility studies. However, from the 
literature chaudhary et.al it was noted that the use of the spectral shift tech-
nique is not the method of choice for a reliable determination the drug with low 
aqueous solubility, because the difference in the absorptivity values will be too 
small11. In contrast, the other phase solubility method provides a much better 
and reliable results in these cases12. 

In vitro dissolution studies 

The dissolution curves of Pure drug, Physical mixtures, Solvent evaporation 
and Kneading solid dispersions in 0.1 N HCl (pH =1.2) at 37 ± 0.5ºC are shown 
in Fig. 8 and the corresponding values are given in Table 2. From the results 
obtained, it was observed that all the binary systems of Olmesartan Medoxomil 
demonstrated higher dissolution rates than pure drug and its corresponding 
physical mixtures. The physical mixtures also showed improved dissolution 
rate as compared with OLM but the highest drug release is observed for molec-
ular inclusion complexes prepared by Kneading method. It is evident that the 
inclusion complex improved the dissolution rate of OLM to the greatest extent. 
Amongst all preparations, OLM: HP-βCD 1:2 inclusion complex produced by 
kneading method showed highest dissolution rate of about 96.73 % of drug in 
pH 1.2 at the end of 30 min. 
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Figure 8. Dissolution profile of Olmesartan Medoxomil, prepared Olmesartan Medoxomil 
(OLM) : Hydroxypropyl β cyclodextrin (HP βCD) molecular inclusion complexes and Marketed 
preparation in 0.1 N hydrochloric acid.

Table 1. Olmesartan medoxomil content in HPβCD inclusion complex systems prepared.

Method Formulation code Complex system 
Olmesartan medoxomil 

content (%)

Physical 
mixing

PM 11 Olmesartan medoxomil: HP-βCD (1:1) 98.52

PM 12 Olmesartan medoxomil: HP-βCD (1:2) 98.64

PM 13 Olmesartan medoxomil: HP-βCD (1:3) 98.45

Kneading 

KN 11 Olmesartan medoxomil: HP-βCD (1:1) 99.21

KN 12 Olmesartan medoxomil: HP-βCD (1:2) 99.10

KN 13 Olmesartan medoxomil: HP-βCD (1:3) 98.78

Solvent 
evaporation 

SE 11 Olmesartan medoxomil: HP-βCD (1:1) 98.11

SE 12 Olmesartan medoxomil: HP-βCD (1:2) 98.24

SE 13 Olmesartan medoxomil: HP-βCD (1:3) 98.37

PM 11; Physical Mixture (1:1), PM 12; Physical Mixture (1:2), PM 13; Physical Mixture (1:3), KN 12; Kneading 
Complex (1:1),KN 12; Kneading Complex (1:2), KN 13; Kneading Complex (1:3), SE 11; Solvent Evaporation 
Complex (1:1) ,SE 12; Solvent Evaporation Complex (1:2), SE 13; Solvent Evaporation Complex (1:3).
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Table 2. Dissolution profile of Olmesartan medoxomil in 0.1 N hydrochloric acid

TIME (min)
Mean percentage of drug dissolved (±SD)* n=3

PD  PM 12  SE12  KN 12  INN

5                                                      62.52(1.56) 61.69(1.01) 82.86(1.19) 92.88(0.59) 77.56(1.14)

10                                                    64.66(1.75) 66.88(1.14) 85.25(1.63) 96.46(1.53) 91.47(1.01)

15                                                    66.27(1.68) 73.32(1.11) 94.73(0.73) 96.29(1.01) 93.32(1.01)

30                                                     69.52(0.83) 78.08(1.20) 93.08(1.40) 97.40(1.17) 95.54(1.5)

40                                                     75.09(1.63) 76.86(1.23) 96.61(1.15) 96.73(0.97) 95.79(0.74)

50                                                     61.18(1.00) 71.92(2.14) 96.51(1.00) 95.09(1.57) 95.84(1.37)

DE15% 59.66 61.75 77.23 83.52 77.79

Similarity factor 36.94 42.01 78.37 65.59 Reference

PD, Pure Drug; PM 12; Physical Mixture (1:2), SE 12; Solvent Evaporation Complex (1:2), KN 12; 
Kneading Complex (1:2), INN, Marketed Tablet (Powdered)

Dissolution efficiency (% DE) is the area under the dissolution curve between 
time point’s t1 and t2 expressed as a percentage of the curve at maximum dis-
solution, y100, over the same time period and is expressed by the following 
expression:

(3)

DE15% values of PD, PM12, SE12, KN12 and INN are found to be 59.66,	  
61.75, 77.23, 83.52 and 77.79 respectively.

Accelerated stability testing:

Accelerated stability testing results showed no significant variations neither in 
the content of drug nor in dissolution profiles after storage at 40 ºC/75% RH for 
6 months. Therefore, all these results imply that the prepared molecular inclu-
sions are stable over the storage period and no effect on its stability on storage.

In the present study it was clearly observed that OLM immediate release in-
clusion complex can be effectively produced by processing via HP-βCD with 
enhanced solubility and Dissolution Rate. The results of the studies also indi-
cated the formation of HP βCD- Olmesartan medoxomil molecular inclusion 
complex prepared by kneading method at different ratios of drug and HP-βCD. 
The inclusion complex had enhanced dissolution rate of OLM to a greater ex-
tent compared to the corresponding solvent evaporation, physical mixture and 
pure OLM. Further, it was noted that OLM-incorporated molecular inclusions 
in 1:2 ratio aqueous solution provides the highest dissolution and solubility 
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values compared to the marketed product and OLM pure drug, which indicate 
that the oral bioavailability of OLM might be improved. Kneading method was 
the most effective method in terms of OLM solubility and dissolution. This en-
hanced dissolution from the inclusion complexes may be the result of increased 
hydrophilicity and wetting effect that results from the interaction between the 
drug and the carrier 13,14. The another reason for the rapid dissolution of OLM 
from inclusion complexes may be attributed to the entrapment of drug in the 
hydrophilic carrier matrix of carrier HP-βCD and a decrease in the crystallin-
ity of drug as observed in XRD and DSC studies. Further, in the mechanism of 
quick dissolution of drug from the inclusion complexes could be due to the solu-
ble carrier dissolving into the dissolution medium and allowing the entrapped 
drug release to the medium in the form of very fine particles.

Thus, we can conclude that HP-βCD is useful as a primary carrier in the formu-
lation of molecular inclusion complex of the drug (OLM) prepared by kneading 
method so as to enhance its solubility and dissolution rate. 
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INTRODUCTION

Autism Spectrum Disorders (ASDs) are complex, lifelong neurodevelopmen-
tal and behavioral disorders manifests as difficulty communicating, abnormal 
social interaction, and delays in developmental skills (1). The first reported on 
ASDs was Kanner in 1943 and since then the global prevalence has been in-
creasing consistently(2), The Centers for Disease Control (CDC) estimated the 
prevalence of ASDs nationally as 1 in every 59 children(3), it’s 3-4 more prevalent 
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among males than females(4), and more prevalent than juvenile diabetes, pedi-
atric cancer, and pediatric AIDS combined(3). Because of increasing prevalence, 
ASDs is widely considered to be an emerging public health concern (5), ASDs 
were not shown to be associated with a certain racial, ethnic and socioeconomic 
group(2), it occurs because of an interaction of genetic and environmental fac-
tors(6). Currently, there is no cure for autism(7) but there are pharmacological 
and non-pharmacological treatment options to alleviate the symptoms associ-
ated with ASDs. (8).

Pharmacological treatment has become increasingly popular in managing be-
havioral symptoms of ASDs like aggressiveness, anxiety, hyperactivity, and tan-
trums. (8-10), Risperidone and aripiprazole are drugs approved by The Food and 
Drug Administration (FDA) for the management of behavioral symptoms as-
sociated with ASDs. (11,12) Other pharmacological classes used to manage symp-
toms of ASDs include Central Nervous System (CNS) stimulants, antidepres-
sants, and anxiolytics(12). In today’s healthcare system, the role of pharmacists 
goes beyond merely dispensing medications, they are considered as trusted and 
easily accessible health care providers(13). Therefore, the community pharmacist 
could play an important role in the care of people with ASDs and help them 
achieve the best results from their medications. The pharmacological treatment 
of children with ASDs can be challenging. A previous study showed that chil-
dren with ASDs are particularly susceptible to adverse effects and may exhibit 
paradoxical reactions to medications. (14,15). Therefore, improperly trained phar-
macists or those with less familiarity and knowledge would fail to do so. This 
might have consequences on their role in providing healthcare and might result 
in deteriorating the health and quality of life of their patients.

As the community pharmacist is the first line of interaction with families and/
or caregivers in our community, they should be more familiar and knowledge-
able about ASDs resources allocated for ASDs in their communities and should 
guide families of children with ASDs to relevant professional resources. Un-
fortunately, previous studies reported cases of pharmacists lacking knowledge 
and awareness of the ASDs area. (16-18) Community pharmacists practicing in 
Khartoum(Sudan) were not previously assessed for their awareness and knowl-
edge of ASDs. Therefore, this study aims to assess awareness and knowledge of 
autism spectrum disorders (ASDs) among community pharmacists.

METHODOLOGY

Study setting and population: This study was conducted in Khartoum 
state, the national capital of Sudan from April to August 2018. The study popu-
lation was registered community pharmacists practicing in the Khartoum state. 
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According to the Sudanese General Directorate of Pharmacy, the number of 
registered community pharmacists when this study started is 2265. (19)

Study design and sampling: A descriptive cross-sectional survey design 
was used for this study. The sample size needed for this study was calculated 
according to this equation:

(np= ).
N

1+N(e)2

Where N= target population, n= sample size, e= margin of error (0.05). The 
sample size was estimated at 95% confidence interval with a default margin of 
error of 5%. The sample size was 345 pharmacists.  

Sampling conducted by selecting individual units (Khartoum state pharmacies) 
by stratified sampling to ensure representativeness of the study.  Khartoum 
state pharmacies were broken down into seven strata by the area (locality). 
Samples were randomly selected from each stratum according to their percent 
in the population as follow; Khartoum  (23%), Khartoum North (14%), Om-
durman (13%), Sharq an-Nīl(13%), Jabal Awliya(14%), Om Badda, (11%), and 
Karari (12%). One of the pharmacists who are working in the selected pharmacy 
was randomly selected and included in the study. 

Data collection: Face to face paper-based questionnaires were administered 
after obtaining participants’ informed consent by the researcher itself and 
trained data collectors who visited the community pharmacists in their work-
places and explained the purpose of the study. The questionnaire sections were 
adopted from similar previous studies(16,19-22). The questionnaire contained four 
sections, the first section collected demographic and practice details of the study 
participants, also pharmacist was asked if they had a course(s) or lecture(s) on 
ASDs during their pharmacy degree program and if they had continuing educa-
tion (CE) or training program on ASDs. The second section contained six items 
to measure pharmacists’ degree of familiarity with symptoms, treatment, and 
community resources of ASDs. The participant pharmacist had to indicate the 
degree of familiarity on each item on a Likert scale of five options.  The third 
section contained 12 items to measure pharmacists’ knowledge of the etiology, 
prevalence, and treatment of ASDs. The fourth section contained four items 
to measure pharmacists’ training and confidence in medication management 
of ASDs. Pharmacists had to indicate the degree of their agreement with the 4 
items on a Likert scale of five options. The questionnaire was tested in twenty 
community pharmacies as a pilot study, and these pharmacies were excluded 
when the study was conducted.
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Statistical analysis: Statistical Package for Social Sciences software, version 
21.0 (IBM SPSSInc., Chicago, IL) was used for the analysis of data. Initially, 
all information gathered via directly administered questionnaire are coded into 
variables. The normality of data was tested using the Kolmogorov-Smirnov test. 
Data that were not normally distributed expressed as medians then categorized 
into poor (less than the median) and good (median and above) and compared 
using Mann-Whitney U-Test. The reliability test of the questionnaire was tested 
using Cronbach’s Alpha= 0.618 (62%), Spearman’s rho correlation was used 
to investigate the correlation between familiarity, knowledge, and confidence 
scores. and binary logistic regression was used to present results. A p-value of 
less than 0.05 was considered statistically significant.

Ethical approval: This study received ethical approval from the ethical com-
mittee of the faculty of pharmacy, University of Khartoum. Pharmacists who 
participated in this study also gave informed consent before they took part.

RESULTS and DISCUSSION

Demographic and practice characteristics of the study participants

A total of 345 community pharmacist participants in the study giving a response 
rate of 100%. The study participants practicing in the 7 localities of Khartoum 
state was found between 1996- 2016. The demographic and practice-related 
characteristics of the participant pharmacists are listed in Table 1.
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Table 1. Demographic and practice characteristics of the participant community pharmacists 
surveyed (n= 345)

Demographic variables Number Percentage

Age (Years)

(≤35) 328 95.1%

(>35) 17 4.9%

Gender

Male 93 27%

Female 252 73%

Number of years in practice

(<5) 248 71.9%

(≥5) 97 28.1%

Job Title

Staff pharmacist 271 78.6%

Others(manager,owner) 74 21.4%

Highest degree

Higher degree (MSc and Ph.D.)* 70 20.3%

Basic degree (BSc) 275 79.7%

Had attend ASDs course(s) or lecture(s) during pharmacy 
degree

Yes 34 9.9%

No 311 90.1%

Had attended ASDs CE program*

Yes 23 6.7%

No 322 93.3%

*ASDs autism spectrum disorders, BSc bachelor degree in pharmacy, MSc mas-
ter of science degree, Ph.D. doctor of philosophy degree, CE continuing education

The demographic and practice-related characteristics of the pharmacists from 
different localities were similar. About 73% of community pharmacists were fe-
male and Nearly 78% of community pharmacists identified themselves as staff 
pharmacists. About 77% of the community pharmacists had basic pharmacy 
degrees and about 80% had less than 5 years practicing pharmacy in Khartoum. 
Only about 10% had either course(s) or lecturer(s) on ASDs during their phar-
macy school program, and about 6% had Continuing Education Programme 
(CEP) on ASDs as shown in Table 1.
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The familiarity of pharmacists with Symptoms, Treatment, 
and Community Resources of ASDs

Table (2) describes the participant pharmacists’ degree of familiarity with ASDs. 
Majority of the participants showed a low degree of familiarity (67.9%) with 
symptoms, treatment, and community resources of ASDs, the median score on 
the Likert scale was 13. Furthermore, about 74% of participants showed low 
familiarity with classes of medications used to manage symptoms of ASDs, and 
nearly 59% low familiar with their side effects. About 74% were not sufficiently 
familiar with the specific behavior that medication seeks to alleviate.

Table 2. Degree of familiarity with ASDs symptoms, treatment, and community resources of 
the participant community pharmacists surveyed (n= 345)

Familiarity variables (n=345)
Not at all 
familiar

N(%)

Not familiar
N(%)

Somewhat 
familiar

N(%)

Familiar
N(%)

Extremely 
familiar
N (%)

Are you familiar with the different 
symptoms of ASDs*?

24 94 165 54 8

7% 27.2% 47.8% 15.7% 2.3%

Are you familiar with different classes 
of medications?

(e.g.antipsychotics, antidepressants, 
stimulants ) that are used in treating 

the symptoms of ASDs?

127 128 76 12 2

36.8% 37.1% 22% 3.5% 0.6%

Are you familiar with specific 
behaviors associated with ASDs that 
medications seek to alleviate? (e.g. 
hyperactivity, OCD, and self-injury)

124 131 72 16 2

35.9% 38% 20.9% 4.6% 0.6%

Are you familiar with various side 
effects produced by medications used 
in the treatment of ASDs symptoms 

(e.g. sedation, irritation, and 
extrapyramidal symptoms)?

78 125 118 21 3

22.6% 36.2% 34.2% 6.1% 0.9%

Are you familiar with how to help 
families sort through informed 

decisions about their children with 
ASDs?

61 172 76 34 2

17.7% 49.9% 22% 9.9% 0.6%

Are you familiar with community 
resources in your region that can be 
used for the referral of a child who 
is exhibiting symptoms commonly 

associated with ASDs?

73 161 77 33 1

21.2% 46.7% 22.3% 9.6% 0.3%

*ASDs autism spectrum disorders, OCD obsessive-compulsive disorder

Knowledge of Pharmacists of Etiology, Prevalence, and Treatment 
of ASDs

Table (3) describes a participant’s knowledge of ASDs based on their response 
to a series of true/false statements. The median score was nearly 58%. About 
95% of participants knew that the children with ASDs have impairment in so-
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cial interaction, communication or language, and behavioral development (var-
iable 1), and about 87% knew that ASDs are developmental disorders(variable 
2). Only about 30% of participants knew that ASDs are more prevalent than 
down syndrome and juvenile diabetes (variables 5 and 4). About 51% knew 
that ASDs are not curable (variable 6), and 55% knew that risperidone and ari-
piprazole have been approved by the FDA for the treatment of irritability as-
sociated with ASDs (variable 7). Only 14% and 25% don’t know that vaccine 
cannot cause ASDs and ASDs not exists only in childhood (variable 8,9 respec-
tively). Nearly half of the participants knew ASDs are rare disorders (variable 
12), and about81% knew that genetic factors play a major role in the etiology of 
ASDs(variable 11). Only about 29% knew that ASDs are not caused because of 
emotionally distant, rejecting parents(variable 10) and about 43% knew ASDs 
occur more commonly among males than females(variable 3).

Table 3. Knowledge of etiology, prevalence, and treatment of ASDs of the participant 
community pharmacists surveyed (n= 345).

Knowledge variables (n=345)
True

N (%)
False
N (%)

1- ASDs are developmental disorders
302 43

87.5% 12.5%

2- Children with ASDs have impairments in social interaction, communication or 
language, and behavioral development

330 15

95.7% 4.3%

3- ASDs occur more commonly among males than females
151 194

43.8% 56.2%

4- ASDs is more prevalent than juvenile diabetes
97 248

28.1% 71.9%

5- ASDs is more prevalent than down syndrome
115 230

33.3% 66.7%

6- ASDs is curable
168 177

48.7% 51.3%

7- Risperidone and aripiprazole have been approved by the FDA for the treatment 
of irritability associated with ASDs

191 154

55.4% 44.6%

8- Vaccines can cause ASDs
50 295

14.5% 85.5%

9- ASDs exists only in childhood
89 256

25.8% 74.2%

10- ASDs are caused because of emotionally distant, rejecting parents
243 102

70.4% 29.6%

11- Genetic factors play a major role in the etiology of ASDs
281 64

81.4% 18.6%

12- ASDs are  rare disorders
171 174

49.6% 50.4%

ASDs autism spectrum disorders, FDA food, and drug administration 
Correct answers are in boldface
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Training and Confidence of Pharmacists in Medication 
Management of ASDs

Table (4) described the training and confidence of pharmacists in medication 
management of ASDs. About 64% of the participants reported as not feeling 
confident enough in their ability to counsel parents about medications used for 
their children with ASDs and their side effects, and about 54% reported not 
feeling comfortable enough dispensing medications for individuals with ASDs. 
But 89% agreed that they would benefit from taking CE or training programs in 
the ASDs area, and nearly 91% agreed that pharmacy curricula should include 
courses or lectures on ASDs.

Table 4. Training and confidence of the participant community pharmacists surveyed in 
medication management of ASDs (n= 345).

Confidence Variables (n=345)
Strongly 
disagree

N (%)

Disagree
N (%)

Neutral
N (%)

Agree
N (%)

Strongly 
agree
N (%)

I feel confident in my ability 
to counsel parents about the 

medication profile and side effects 
of prescriptions being used for the 
treatment of their child with ASDs

47 176 68 43 11

13.6% 51% 19.7% 12.5% 3.2%

I feel comfortable dispensing 
medications used in the treatment 

of ASDs

32 152 74 75 12

9.3% 44.1% 21.4% 21.7% 3.5%

I feel that I could benefit from taking 
a continuing education or training 

program in the area of ASDs

14 10 13 179 129

4.1% 2.9% 3.8% 51.9% 37.4%

I feel that the pharmacy school 
curriculum should include a course or 

lecture in the area of ASDs

11 6 12 179 137

3.2% 1.7% 3.5% 51.9% 39.7%

ASDs autism spectrum disorders

Association of characteristics of the participants and familiarity and 
knowledge

Comparing the characteristic of the participant using the Mann-Whitney U test, 
a certain variable like having a CE program on ASDs was significantly associ-
ated (p value<0.05) with familiarity score and confidence score, as shown in 
Table 5. On the other hand, age, gender, practice setting, number of years in 
practice, job title, and a degree in pharmacy were not significantly associated 
with familiarity score. 
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Table 5. Association of characteristics of the study pharmacists with familiarity, knowledge 
and confidence scores 

Mann-Whitney U-Test

Variables

Mean Rank

Familiarity Knowledge Confidence

P-Value
Mean 
Rank

P-Value
Mean 
Rank

P-Value

Age (Years)
(≤35) 170.62

218.85
0.051*

174.24

149.03
0.301*

173.17

169.76
0.889*

(>35)

Gender
Male 180.47

170.24
0.396*

184.01

168.94
0.205*

184.11

168.9
0.201*

Female

Number of years 
in practice

(<5) 170.96

178.23
0.541*

169.9

180.94
0.347*

170.04

180.57
0.370*

(≥5)

Job Title

Staff 
pharmacist

167.2

194.25
0.038**

168.88

188.1
0.135*

174.45

167.68
0.599*

Others

Highest degree
MSc and PhD 190.61

168.52
0.096*

188.39

169.08
0.141*

161.33

175.97
0.265*

BSc

Had attend 
ASDs course(s) 

or lecture(s) 
during pharmacy 

degree

Yes 201.25

169.91
0.081*

187.85

171.38
0.352*

187.26

171.44
0.371*

No

Had attended 
ASDs CEP

Yes 215.52

169.96
0.033**

194.63

171.45
0.273*

213.22

170.13
0.042**

No

**P-value ≤ 0.05 that’s considered as statistically significant.
 *P-value >0.05 that’s considered as statistically insignificant. 

Confidence scores significantly correlated with familiarity scores (spearman’s 
rho=0.312, p-value < 0.01) and knowledge scores (spearman’s rho=0.169 p-
value <0.01), also there were significant correlation between familiarity and 
knowledge scores (spearman’s rho=0.227 p-value<0.01). Binary logistic re-
gression analysis was conducted to know factors that could be associated with 
the low familiarity, knowledge, and confidence scores. The analysis revealed 
that older age is significantly associated with poor knowledge (p-value 0.037). 
Moreover, participant’s poor knowledge and poor familiarity was significantly 
contributed to poor confidence with p-value 0.001 and 0.047 respectively. 

To the best knowledge of the investigators, this is the first study to assess com-
munity pharmacist’s awareness and knowledge regarding Autism Spectrum 
Disorders(ASDs) in Sudan. The present study used variables from previous 
studies that were used to measure similar constructs among healthcare provid-
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ers. (16,18, 20-22). As shown in Table 3, about 87% of participants knew that ASDs 
are developmental disorders. This finding was higher than the result observed 
in studies from Palestine(18)and Mississippi(20), in which the percentage was 40% 
and 76% respectively. 

In agreement with the studies from Mississippi surveyed pharmacists and phar-
macy students (16,20), in the current study, about 96% of the participants knew 
that children with ASDs have impairments in social interaction, communica-
tion or language, and behavioral development. However, only about 44% of the 
participant knew that ASDs are more common in males than in females. This 
finding is close to the study conducted in Palestine (18), but lower than the find-
ings obtained from the pharmacists and pharmacy students from Mississippi 
were about (85%) of participants correctly answered this statement (16,20). On 
the other hand, only about 30% of the participants knew about the prevalence 
of ASDs compared to juvenile diabetes and Down syndrome, respectively. This 
finding is consistent with a study carried out in Palestine, However, it is con-
trary to the study from Mississippi (20). 

Although the primary duty of the community pharmacist is not diagnosis, par-
ticipant pharmacists were somewhat familiar with the different symptoms of 
ASDs. About 34% of the participant were minimally familiar with signs and 
symptoms of ASDs, our results were consistent with those reported among 
nurses in the state of Virginia and pharmacists in Palestine (22, 18). However, 
pharmacists and pharmacy students in Mississippi were relatively more famil-
iar with the signs and symptoms of ASDs as only 25% of them reported as either 
not familiar at all or not familiar with the different symptoms of ASDs.(16,20).

Pharmacists assuming educative roles might need to educate families of people 
with ASDs on these symptoms. Pharmacists who are not familiar with symptoms 
of ASDs cannot assume this role. This can be even worse when pharmacists are 
not familiar with how to help families sort through information to make informed 
decisions about their child with ASDs. This study revealed that about 67% of the 
pharmacists reported themselves as either not familiar at all or not familiar with 
how to help families sort through information to make informed decisions about 
their child with ASDs (Table 2). This percentage was comparable to those reported 
by Palestinian pharmacists and Mississippi pharmacists and pharmacy students. 

(16,18, 20). Moreover, about 68% of the pharmacists in this study were not familiar 
with community resources in their region that can be used for the referral of a 
child who was exhibiting symptoms commonly associated with ASDs. These re-
sults were comparable to those reported by Mississippi pharmacists and phar-
macy students (16, 20) and similar to the studies done on Palestinian pharmacists (18).
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Although, some studies concluded that early diagnosis improves the progno-
sis of ASDs in children (23). Unfortunately, in many cases there were significant 
delays in diagnosing children with ASDs(24). In modern healthcare delivery 
systems, the role of pharmacists in caring for patients with chronic diseases 
is expanding. Subsequently, patients often report a good relationship with 
their pharmacists(13) previous research showed that both patients and primary 
healthcare physicians wanted pharmacists to play a larger role in providing in-
formation to patients. (13)(25). When asked to indicate the degree of familiarity of 
participants with the different classes of medications (e.g. antipsychotics, anti-
depressants, stimulants) that are used in treating the symptoms of ASDs, nearly 
74% of the participants in this study reported themselves as either not familiar 
at all or not familiar. This value was quite higher than that reported in study 
conducted in Palestine, where 62% of the pharmacists reported as not feeling 
confident enough in their ability to counsel parents about ASDs medications18. 
This finding highlight the need to increase knowledge of pharmacists on the 
classes of medications used to treat symptoms of ASDs. 

Furthermore, about 58% of the pharmacists were either not familiar at all or 
not familiar with various side effects produced by medications used in the treat-
ment of symptoms of ASD. These results are worrisome, as pharmacists are 
expected to be familiar with medications used in the management of differ-
ent diseases and the side effects associated with the use of these medications. 
Therefore, it was not surprising that nearly 64% of the pharmacists in this study 
were not confident in their ability to counsel parents about the medications be-
ing used for the treatment of their child with ASDs.Previous studies reported 
that children with ASDs are prescribed psychotropic medications(11,12) These 
medications are associated with weight gain, sedation, and/or tardive dyski-
nesia which might further complicate the management of ASDs in children(26).

Approximately 49% of the participant in this study thought ASDs were rare dis-
orders, 70% thought ASDs are caused because of emotionally distant, rejecting 
parents, 25% thought that ASDs exist only in childhood, and about 18% did not 
know that genetics play a major role in the etiology of ASDs. About 14% believed 
that the vaccine causes ASDs. Pharmacists and other healthcare professionals 
are in a position to influence parent’s decisions on vaccinations(27). Previous 
studies showed that believing in this myth had negatively affected vaccination 
rates in the US and UK.(28,29).

Having CEP in the area of ASDs was significantly associated with familiarity 
and confidence scores. In this study, confidence scores correlated with both fa-
miliarity and knowledge scores. Despite the obvious low Spearman’s rho, there 
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was a significant positive correlation between the scores. This indicates that 
the pharmacists who were relatively familiar and knowledgeable of ASDs were 
more confident in their ability to counsel parents about the medication profile 
and side effects of prescriptions being used for the treatment of their child with 
ASDs as well as dispensing medications used to treat symptoms of ASDs. A pre-
vious study showed that on many occasions, education increases familiarity and 
knowledge in certain domains (30). In this study, about 89% of the participants 
agreed that they could benefit from taking a CE or training program in the area 
of ASDs. Similarly, about 95% agreed that the pharmacy curriculum should in-
clude a course or lecture in the area of ASDs.

These results highlight the need to integrate educational interventions on ASDs 
in pharmacy curricula. Policymakers and health authorities should consider 
educational interventions to increase awareness and knowledge of pharmacists 
on ASDs. Similarly, pharmacy schools should revise, widen, and deepen educa-
tional materials on ASDs in the current curricula.

Community pharmacists are in a key position to provide crucial information to 
individuals with chronic disease and disabilities, including ASDs. The current 
study revealed gaps in awareness and knowledge of ASDs among community 
pharmacists in, Khartoum state, Sudan. Participants in this study reported low 
confidence in their ability to dispense and counsel individuals with ASDs and 
their families on medications used to alleviate symptoms of ASDs. Community 
pharmacists reported low familiarity with resources devoted to ASDs in their 
community, these gaps could be filled by specifically designed educational in-
terventions.
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INTRODUCTION

According to the data of the world health organization, cancer is defined as the 
second most important disease which has a fatal impact on human health of the 
21st century 1. Strategies developed for cancer treatment include chemotherapy, 
surgery, hormone therapy, radiation therapy and recently nanoparticular-based 
anti-cancer drugs and targeted therapy. However, traditional cancer treatment 

ABSTRACT

Nanosponges (NSs) are non-toxic, porous, solid polymers, having three dimensional 
structures which stable at high temperature and can form inclusion complexes with 
many molecules due to their cavity size. NSs are prepared by reacting β-cyclodextrin 
(β-CD) with cross-linkers such as pyromellitic anhydride, hexamethylene diisocy-
anate, carbonyl-diimidazole or diphenyl carbonate. 
Many anti-cancer drugs with both hydrophilic and lipophilic properties can be load-
ed or integrated into NS and ultimately increase the characteristics of the drugs.  The 
most important properties and advantages of NSs are easily synthesized and modi-
fied, provide high drug loading capacity along with controlled release, increase the 
solubility and bioavailability of water-soluble molecules. In addition, NSs protect the 
degradable actives from environmental influences, biologically safe and biodegrad-
able compared to other nanocarriers. This review has highlighted the structure and 
properties of CD-NS as well as demonstrating a new generation of functionalized NS 
studies as an innovative drug delivery agent for pharmaceutical applications.
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methods have some disadvantages compared to innovative methods. Although 
it has a positive effect on the destruction of cancer cells in chemotherapy ap-
plications where cancer drugs are used, it has many negative features such as 
damaging normal healthy cells in the tumor environment, showing toxic prop-
erties depending on the doses used and having side effects. Surgical treatment, 
however, involves risks such as tumor cells invading or spreading other tissues, 
reoccurrence, although local cancerous tissue is removed.

In the radiation therapy that uses high energy radiation, tumor cells can be 
eliminated and prevent them from dividing and multiplying. During radiother-
apy, the tumor area is determined and the rays are sent to the cancerous cell at 
a higher dose. In the treatments, a large area is used to give adequate amount of 
irradiation to the tumor tissue, and accordingly, healthy tissue damage and side 
effects can be seen much more.

Most drugs currently in use have poor biopharmaceutical properties 2, low 
permeability, solubility and intestinal absorption, and short blood circulation 
times that cause various toxic side effects, therefore limiting their use in clinical 
applications. These adverse conditions cause rapid excretion, dose-related side 
effects, and deterioration in gastrointestinal fluids, in vitro instability and lack 
of selectivity 3.In order to overcome disadvantages, drug targeting and delivery 
systems (DTDS) have been broadly developed, investigated and researched, es-
pecially with the aim of nano-carrier based DTDS. Treatment using nanopar-
ticles (NPs) is known as a new type of cancer treatment method that improves 
the pharmacological properties of drugs and removes tumors in normal tissues 
with minimal effect. In this method, traditional cancer drugs are directly conju-
gated to NPs or integrated with a suitable ligand, and have positive results such 
as increased stability of the drugs, biocompatibility, and less impact on healthy 
cells and much less side effects in traditional methods. The accumulation of 
drug loaded nanostructure in the tumor cell can vary depending on the circula-
tion time, shape, size of the structure and the targeted tumor type 3.

The main function of NPs develop is the delivery and controlled release of ther-
apeutic drugs to the targeted area. It is prominent that the nanomaterials used 
for this aim should be biocompatible, soluble and secure 4-7. It is also important 
that NPs should be non-toxic, non-mutagenic, have high stability, and have the 
capacity to deliver therapeutic agent to specific site.

For this objectives, many nano-based drug delivery system was developed, de-
signed and manufactured such as nanosponges, polymeric micelles, solid lipid 
nanoparticles, metallic nanoparticles (silver, gold), carbon nanotubes, nano-
gels, dendrimers, liposomes, nanocrystals, magnetic nanoparticles and micro-
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capsules.  For instance, Nanosponge is a three-dimensional, solid, insoluble 
structure that is obtained by a variety of synthesis techniques using cyclodex-
trins (CD) (which may be α-CD, β-CD, γ-CD) with polymeric crosslinkers. Solid 
lipid nanoparticles (SLNs) are structures that are used as drug delivery material 
that researchers work on, consisting of emulsifiers, water / solvents and lipids, 
and have many advantages such as low toxicity, easy production, controlled 
drug release, and delivering drugs of particular lipofolic nature 8.

Dendrimers are polymers containing a large number of branched monomers 
consisting of a central core. These structures, which have many functional 
groups thanks to the branched monomers composed of dendrons, are used as 
drug delivery agents due to their compatibility and flexible structures. Denimers 
synthesized from many polymers such as polyamidoamine PAMAM), polypro-
pyleneimine (PPI) have nanoparticle drug delivery potential due to their bio-
logical compatibility. In addition, these structures are used for photothermal 
therapy gene therapy applications 9,10.

The liposomes, consisting of small spherical vesicles, are two-layer structures 
made of phospholipids containing a hydrophobic hydrocarbon chain and a hy-
drophilic head, and are used as drug delivery agents. Due to their high compat-
ibility, liposomes, which can be formed in nanometer or micrometer size due to 
their single or multi-layer structure, can carry structures such as medicine, pro-
tein, antigen, DNA and can be used in other therapies as well as cancer therapy 11.

However, due to the disadvantages of NPs, it is difficult to develop an optimal 
drug delivery system that achieves the desired result, some nanomaterials are 
difficult to apply as a drug delivery agents due to their degradation or toxicity 
effects in the body parts, and this requires sufficient time and research. For 
instance, the disadvantage of solid lipid nanoparticles is that SLNp have a crys-
talline structure that causes drug release due to unexpected polymeric degrada-
tion 8. Dendrimers, on the other hand, may show toxic properties due to the 
presence of peripheral amine carboxylate, phosphonate, sulfonate groups, as 
well as the fact that they can show non-specific drug delivery and sudden and 
uncontrolled drug release due to its open network 12.

Liposomes also have disadvantages such as low content of drug loading, high 
cost, poor stability and undesired hydrophobic drug release. 

Due to their characteristic structure and properties, NPs can be passively, ac-
tively or physically delivered to the target site, e.g. tumor cell 13-16. Targeting the 
NPs to the tumor region depends on the structural feature of the tumor tissue, 
that is, the leaky vascular feature and the weak excretory system, which is called 



308 Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

enhanced permeability and retention (EPR) effect. The nanostructure caused 
by the EPR effect accumulates in the tumor region and this is defined as passive 
targeting.  The NPs whose surface is modified with ligands such as peptides or 
antibodies binds by recognizing reproducers on the cell surface and internal-
ized into the cell through endocytosis, leaving the loaded drugs. This event is 
defined as active targeting. On the other hand, accumulation of nanostructure 
can be performed in tumor tissues through external effects such as ultrasound, 
magnetic field, heat, light waves (UV, infrared) 17-18.

Again according to the designed NPs structure, internal stimulatory mecha-
nisms (pH-guided 19, enzymes20, temperature 21) or as external stimuli (electric 
field 22, the magnetic field 23, Light 24, voltage excitations 25 ultrasound 26, and 
other chemicals 27-29) may release the drug in the cell.

In researches on some nanoparticles used for drug delivery strategies, the solubili-
ty and effectiveness of drugs have been increased and it has been proven that these 
structures can be used as effective delivery agents. For instance, dendrimers can 
be used as delivery agents for non-steroidal anti-inflammatory lyophilic drugs. 
For example, in a study, the drug containing the amino group was encapsulated 
into PPI or PAMAM type dendrimers and its solubility was increased 12,30.

In a study with solid lipid nanoparticles, tamoxifen loaded SLNp was prepared 
and its effectiveness on MCF7 cancer cells was investigated. In in vitro cyto-
toxide research, they emphasized that the efficiency of tamoxifen loaded SLNp 
increased when compared to free tamoxifen31,32.

METHODOLOGY

Cyclodextrin Based Nanosponges (CD-NSs)

Nanosponges are effective nano-carriers that researchers focus on as a drug 
delivery agent, which has recently attracted the attention of many researchers 
due to their characteristic structures. NSs have been developed to eliminate 
the disadvantages of the traditional medicines described in detail above and 
increase the effectiveness of drugs. Briefly, Nanosponges are obtained by using 
cyclodextrins (CD) (α-CD, β-CD, γ-CD) with polymeric crosslinkers (such as 
diphenyl carbonate). Since the main component is cyclodextrins, it is useful to 
mention the definition and structure of CDs.

Chemical Structure and Properties of CDs

Cyclodextrin (CD) is defined as a water-soluble, biocompatible cyclic oli-
gisaride, which is formed by the enzymatic degradation of starch, elementary 
polysaccharides in nature, by the Bacillus amylobacter 33 bacterium, and con-
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tain a hydrophilic outer surface and a lipophilic cavity that is formed by the 
α-1,4 glycosidic binding of D-glycosupranoses (Figure 1.). β-CD, γ-CD, α-CD 
are named depending on the number of glucosupranose units in their structure. 
For instance, the structure formed by connecting 7 glucosupranose units with 
glycosidic bond is called β-CD (Figure 1.).

Despite the fact that CDs in higher structures are found in nature, the difficulty 
of obtaining and being able to form an inclusion complex with very few sub-
stances were not preferred in terms of research. Among them, β -CD is the most 
preferred and profound studied structure because its convenient cavity, which 
can interact with many inorganic and organic substances, in addition, ensures 
high drug loading capacity, easy availability and affordability. 

Since 1970, CDs have been used in medicine, food, cosmetics, textiles, catalysts, 
biotechnology, and more recently as a drug targeting and delivery system in 
pharmacology, nanotechnology and the pharmaceutical industry.

Figure 1. Dimensions and chemical structure for α-, β- and γ-CD (n = 6, 7 and 8, respectively).

Cyclodextrin-Based Nanosponge (CD-NS) Concept

Natural CDs do not form inclusion complexes with particular drugs which has 
high molecular weight or hydrophilic property, in addition some CDs limit their 
use since they show toxic properties when injected intravenously 34-36. There-
fore, many chemical modification studies have been carried out in order to 
use them as a nano drug carrier system, eliminate the disadvantages of CDs, 
and improve their physical, chemical properties. One of these alterations is the 
formation of NSs by reacting natural CDs with the crosslinkers described be-
low. In 1998, DeQuan Li and Min Ma were the first researchers to use the term 
cyclodextrin-based Nanosponges 37 and develop the NS obtained by bonding 
β-CD with a cross-linker (such as diisocyanate) for the treatment and purify 
of wastewater 38. In their research, they showed that CD- NSs completely re-
moved wastes such as p-chlorophenol from wastewater at even a billionth level. 
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However, the development of CD-based NSs by reacting of natural CDs with 
crosslinkers and the application of NSs as a nano drug delivery system was first 
demonstrated by Trotta and his team 39-41.

Nanosponge’s are defined as nanoscale hyper-crosslinked polymers which 
is non-toxic, stable at high temperature, spongy pores and a three-dimen-
sional network structure. It is synthesized by using main component of β, α, 
or γ-cyclodextrins and crosslinked by proper amount of crosslinkers (such as 
pyromellitic anhydride, hexamethylene diisocyanate, carbonyl-diimidazole, 
diphenyl carbonate, (Figure 2,3.) NSs can preserve the hydrophilic and hy-
drophobic drugs in their three dimensional cavity. It is usually prepared from 
β-cyclodextrins compared with other native CDs (α, and γ) because β-CD has 
the highest drug encapsulation sites, higher complexes and stability due to the 
appropriate cavity size 39,40. 

Figure 2. Cyclodextrins bind to the crosslinking polymer to form NanospongeThe four most 
basic cross-linking polymers are used in the synthesis of NSs with appropriate synthesis 
methods, such as anhydride crosslinkers, carbonyl crosslinkers, diisocyanate linkers, and 
epichlorohydrin (Figure 3.).
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Figure 3. Common crosslinkers used in Nanosponge synthesis.

RESULTS and DISCUSSION

Methods Used in Nanosponge Synthesis

Melting method 42, solvent method 43,, ultrasound assisted synthesis 42 micro-
wave-assisted synthesis 44,45 methods are used to obtain desired characteristics 
and different sizes of NS. In the melting method, briefly, the crosslinker such 
as diphenyl carbonate and beta cyclodextrin in certain molar ratios are melted 
and gradually heated to a temperature of 90-100 °C under magnetic stirring, 
and the by-product formed is removed and cooled at room temperature. The 
solid product (Figure 4.) formed is washed with distilled water and acetone, 
and the unreacted product is removed 42. 

In solvent method, cyclodextrin is dissolved in a polar solvent such as dimethylsulfox-
ide and reacted with a crosslinker such as carbonyldiimidazole at a certain molar ratio 
for about 4-5 hours at 90 °C. When the reaction is over, an excess of water is added to 
remove the unreacted crosslinker and the solid is obtained by filtration. Then Sohx-
let- extracted with acetone to remove from by-products (Figure 4.) 43, 44,46.

In ultrasound assistand synthesis, cyclodextrin and cross-linker are put in a 
bottle in a solvent-free environment and subjected to sonication in the ultra-
sound bath for approximately 5 hours at 90 °C.  After cooling at room tempera-
ture, processes are performed as specified in the solvent method 39,42.
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The product obtained by the solvent method has a spherical morphology and 
a high dissolution power for water-soluble molecules. In addition, submicron 
spherical nanosponges can be obtained by ultrasound assisted synthesis using 
a suitable crosslinker.

Microwave assisted synthesis is known as the easiest method in obtaining cy-
clodextrin based nanosponge compared to other methods. The method is used 
to obtain homogeneous crystallinity of NSs as well as a synthesis method which 
reduces reaction time four times compared to melting method.

a b c

Figure 4. SEM image of a) Cyclodextrin b) Diphenyl Carbonate crosslinked NS c) Pyromellitic 
Anhydride crosslinked NS 46

Factors Affecting Formation of NSs

There are also important factors affecting the formation of NS. These are:

Drug Type: Besides the fact that the drugs used are hydrophilic or hydropho-
bic, the properties of the drugs known as ‘Five rules of Lipinski’ affect the for-
mation of NSs.

Polymer Type and Crosslinkers: The type of CD (being α -, β- and γ-CD) 
and the crosslinkers used play an important role in NSs formation. Specifically, 
the determination of CD and cross-linker molar ratios causes the particle size 
of NS to form in the desired size; however, in the cross-linker types play an im-
portant role in transforming NSs into a three-dimensional structure suitable for 
hydrophilic or hydrophilic drugs.

Temperature: Increasing the temperature, for example, can especially lead to 
a decrease or weakening of intermolecular hydrophobic forces (such as Vander 
waals force) between NSs and the drug 47.

Nanosponge Preparation Method: The effectiveness of the method used is 
important in terms of both the formation of NS and drug coplex and integration 
of the drug into NS, depending on the nature of the drug and polymer used in 
the formulation. One of the most useful techniques for the drug / nanosponge 
complex is the freeze-drying technique 48.
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Degree of Substitution: The ability to form nanosponge complexes may vary 
depending on the number, position and structure of the substituent on the par-
ent polymer. For example, the higher the degree of substitution on the parent 
polymer, the more cross-linking can take place between CD and crosslinker 49.

Nanosponge Toxicity

Toxicity studies are necessary studies that are extremely important in terms of 
whether or not the dose of the drug used and the nanocarrier designed for drug de-
livery is toxic to humans and animals, hence to evaluate the usability of the structure.

Toxicity studies with NS have shown no toxic effects or adverse effects. For ex-
ample, by injecting NS onto Swiss albino mice, the acute systemic toxicity of NS 
has been shown to be safe from 500 to 5000 mg / kg and does not show any 
signs of toxicity or adverse reactions 50. In addition, the study of oral adminis-
tration of nanosponge was tested in mice 51 without significant side effects. In 
vitro toxicity studies using cell cultures such as MCF7, COS, HELA using the 
MTT test also showed that NSs had no cytotoxic effect 39.

The Most Common General Applications of Nanosponge

Due to their sophisticated structure and biocompatibility, they can deliver hy-
drophobic and a hydrophilic drug, provide controlled release, enhance the sa-
tiability of drugs as well as increases the dissolution rate of drugs in aqueous 
environments. NSs can be prepared and used in the pharmaceutical field as 
capsules or tablets, parenterally, topically in hydrogel forms and as adjuvants as 
well as in applications such as delivery and targeting of drugs 41,52-54.

To summarize a few of the general drug delivery application areas of NSs,

Increasing solubility of drugs: Shende et al.54 researched the effect of the 
low-soluble meloxicam drug on the stability, solubility, slow and sustained re-
lease of the inclusion complex formed with β-CD alone and NS.

For this goal, 1: 1 molar ratio of β-CD with meloxicam drug and 1: 8 molar ra-
tio of NS obtained by using β-CD and pyromellitic dianhydride cross-linker 
(PMDA). Meloxicam, which has a solubility of 9.45 / g / ml in aqueous medium 
alone has increased to 19.07  g / ml after combining with β-CD, and this value 
has increased to 36.61 g / ml in integration with β-CD based NS. Therefore, they 
have successfully proved that NS increases the solubility of the drug.

Controlled and sustained drug release: Cavalli et al.55 has obtained NS 
by using beta cyclodextrin and DFC crosslinker and integrates 3 different type 
of drugs with both hydrophilic (eg Doxorubicin) and lipophilic (eg flurbiprofen 
or dexamethasone) property to NS, and conducted a research to examine drug 
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solubility and its effect on drug release profile.

Effect of NS study has indicated that the solubility increases about 4% by weight 
for doxorubicin and 15% by weight for lipophilic drugs. Compare to release pro-
file, doxorubicin is released very slowly in the physiological medium at pH 1.1, 
but it is faster when the pH is increased to 7.4. In addition, they demonstrated 
the interaction between the drug and nanosponge and sustaine drug release 
over time, emphasizing that drug release from NSs was less than 20% for dexa-
methasone and for flurbiprofen less than 10% after 2 hours.

Protecting drugs from light or distortion:  S. Anandam et al.56 conducted 
discrete irradiation tests for complex quercetin and pure quercetin at the equal 
concentration so the protective effect of NS on photodegradation of quercetin in-
vestigated. As a result, they have proved that pure quercetin disorder is much faster 
than NS encapsulated quercetin. In addition to this study, they proved that concen-
tration of pure quercetin decreased by more than 50% in simulated intestinal fluid 
(SIF) within 6 hours, but NS encapsulated formulation did not show significant re-
duction, therefore NS proved that it effectively protects drugs from photodegrada-
tion. In addition, they emphasized that the antioxidant activity of quercetin and the 
radical scavenging activity of DPPH increased 569 times with the NS complex. 56.

Protein and enzyme transport: Bovine has been used as a model protein 
and has been shown to increase protein stability by incorporating serum albu-
min into poly amidoamine cross-linked NS 57.

As oral and topical drug delivery systems: Gangadharappa, H. V. et al.58 
conducted a research on pharmacokinetics and skin irritation on mice for the 
topical application of Nanasponges by integrating the water-soluble lipophilic 
celecoxib drug with NS formed in hydrogel. They emphasized that the optimized 
formulation NS-4 does not irritate the skin on mice, nanosponge hydrogels ob-
tained can be used as topical drug release for celecoxib, as well as meeting the 
requirements in human use in this dosage form 58.

As a gas delivery agent: Nanosponge formulations have demonstrated the 
ability to function and store as a reservoir for large quantities of various gas 
types such as carbon dioxide and oxygen 59. In addition, NSs are used as cosmet-
ics 60, agricultural 61 and water treatment 62. 

Recently, researchers have been focusing on designing functionalized NS by 
surface modification of NSs and enhancing intracellular cell interaction by us-
ing ligands. In a study conducted for this purpose, NS was synthesized with 
β-CD and diphenyl carbonate (DPC) crosslinker and functionalized the surface 
of NS with hydrogen succinate (CHS) to investigate cellular interaction and 
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protein binding by adding cholesterol 63. In the study used doxorubicin DOX as 
a model drug, the cellular binding activity revealed an increase in cellular up-
take and Dox adsorption of Dox-loaded β-CD-NS using the surface functionali-
zation approach. They emphasized that they show preferable internalization in 
cells due to the interaction among cell membrane and CHS. In the same study, 
in vitro cytotoxicity of surface-modified β-CD-NS was investigated in the HeLa 
cell line and the data obtained showed that surface-modified β-CD-NS samples 
were biologically friendly and did not show significant toxicity in HeLa cells 63.

Drug targeting provides significant advantages in terms of drug delivery and drug re-
lease compared to traditional treatment methods, as well as significant potential ad-
vantages such as reducing the side effects of drugs, increasing their bioavailability and 
biocompatibility (thus encapsulating lipophilic and / or hydrophilic materials and 
keeping them in the blood for a long time and in a controlled manner). In addition, it 
is a promising nanocarrier that can increase the bioavailability and aqueous solubility 
by protecting the drugs from degradation in the physiological environment, which 
may result in increased specificity with yield when used with ligands for targeting.

There are many more things to discover, research and develop for NS. For example, 
obtaining functionalized NS, integrating ligands into NS, delivering the nanostruc-
ture to the targeted region through active or passive mechanisms and binding to the 
cell receptors. In addition, many studies are needed, such as intracellular uptake and 
drug release using internal and external stimulants, to integrate NS with metallic or 
inorganic nanostructures to increase drug loading capacity. However, functionalized 
NS surface engineering studies are limited to several publications.

In addition to increasing the efficiency and specificity of the targeted regions 
and reducing the toxicity of the drug, many researches are needed to increase 
the effect level of the drug by taking the drug release slowly and gradually.

However, mathematical modeling of NS integration into the cell and conduct-
ing positively charged NS studies to overcome the problems encountered for 
gene or nucleic acid delivery may be considered as future approaches.
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ABSTRACT

The proposed research work aimed to design, formulate and finally to evaluate sus-
tained released matrix tablets of propranolol hydrochloride using the combination 
of hydrophilic and hydrophobic polymers. Formulation and optimization of Pro-
pranolol HCl was done by direct compression technique using 32 factorial design. 
The amount of polymer Mastic gum (X1) and HPMC (X2) were chosen as independ-
ent variables and their effect on amount of drug release at 2 hours (Y1) , 4 hours 
(Y2) and 8 hours (Y3)  at three levels low (-1), medium(0) and high(+1) was taken as 
dependent variable. Drug-excipient compatibility studies were performed by FTIR 
and DSC analysis. A total of 9 combinations of sustained released tablets were for-
mulated and evaluated for both pre and post compression parameters. Design ex-
pert software version 10 was used to evaluate the effect of independent variable over 
dependent variable and to generate polynomial equation to represent experimental 
results. The B7 formulation containing 5 % of mastic gum and 25% of HPMC K-15 
combination showed 60.13% drug release in 8 hours and was chosen as optimized 
formulation. Release kinetic mechanism indicated that the optimized formulation 
fitted well into Kosmeyer Peppas model (R2= 0.9974). Stability studies indicated 
that selected formulation was stable for 90 days. Formulation containing 5% of mas-
tic gum and 25% HPMC was found to be effective and can be explored further to 
develop sustained released formulations.	
Keywords: Sustained release, mastic gum, factorial design, propranolol HCl.

*Corresponding author: reecha.madan@chitkara.edu.in
ORCIDs
Rajni Bala: 0000-0002-4362-0272
Reecha Madaan: 0000-0002-4362-0272
Rohit Rana: 0000-0002-0891-9615
(Received 05 March 2020, accepted 10 September 2020)

Acta Pharm. Sci. Vol 59:(2), 2021
DOI: 10.23893/1307-2080.APS.05920



322 Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

INTRODUCTION

Sustained drug delivery is specialized form of modified drug delivery that offer 
the advantage of reducing the dose frequency as compared to conventional dosage 
forms for those drug candidate that have rapid clearance rate due to short elimina-
tion half life. Oral sustained release formulations are capable of achieving a steady 
therapeutic drug blood level by continuously releasing the drug for long duration 
after a single dose administration thus offering better patient compliance and 
control over therapy.1, 2 Depending upon release kinetics these systems are desig-
nated as continuous release, delayed transit and continuous release and delayed 
released systems. The mechanism involved in drug release may be dissolution, 
diffusion, and dissolution along with diffusion. Among all these systems, dissolu-
tion controlled system are the most acceptable one. The dissolution controlled 
release system is further classified as matrix dissolution control/ encapsulating/ 
or reservoir device type. Matrix systems are mostly preferred for sustained release 
dosage forms because they are simple to design, economical. Formulation of ma-
trix systems involves the dispersion or dissolving the drug into polymeric matrix 
that retard the drug release and then blending with other additives to formulate 
a tablet dosage form.3, 4 Releases retardant mainly used are hydrophilic and hy-
drophobic polymers. Different natural and synthetic polymers are matix forming 
agents in order to control the drug release. Mastic gum is a natural oleoresin exu-
date isolated from the stems and leaves of Pistacia lentiscus. It is known to posse’s 
anti-oxidant, antimicrobial, anti-inflammatory and hepatoprotective activity. Re-
cent studies demonstrated its use as tablet binder, microencapsulating agent and 
matrix former in the formulation of sustained released dosage forms. Proprano-
lol hydrochloride is a non selective beta adrenergic blocking agent prescribed in 
high blood pressure, angina pectoris and many other cardiovascular disorders.5 

The oral bioavailability of Propranolol hydrochloride is low. It is a highly water 
soluble drug with relatively short biological half life of 3-6 hours and a dose of 40 
mg thrice daily. This high dosing frequency results in fluctuation of plasma drug 
level; therefore it is needed to have in sustained release dosage form to reduce 
dose frequency and improve patient compliance. The purpose of the present study 
is to formulate and optimize sustained released matrix tablets of Propranolol HCl 
using hydrophilic polymer HPMC K-15 and hydrophobic polymer mastic gum as a 
material for matrix formation with improved patient compliance.6

METHODOLOGY

Propranolol HCl and mastic gum were procured from Yarrow chem, Mumbai, 
India. HPMC K-15 was taken from Loba chemie Pvt. Ltd, Mumbai, India. All 
other chemical used were of laboratory and analytical grade
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Standard calibration of Propranolol hydrochloride	

A standard calibration curve of Propranolol HCl was plotted in Phosphate buff-
er pH 6.8 and 0.1N HCl having pH 1.2. A stock solution of drug was prepared 
by dissolving 100 mg of drug in phosphate buffer pH 6.8 and 0.1N HCl. The 
volume was made up to 100ml to prepare stock solution (A) to get a concentra-
tion of 1000 μg/ml.10 ml of stock solution (A) was further diluted to 100 ml to 
obtain stock solution (B) with concentration 10 μg /ml. Aliquots of stock solu-
tion (B) was diluted to obtain working solutions of concentration 2 to 20 μg/
ml.7 The absorbance of the final solutions were taken at 290nm using double 
beam UV spectrophotometer, Systronics (AU – 2701).  

Compatibility studies of drug and excipients

Compatibility studies were carried by FTIR and DSC analysis.  FTIR spectrum 
of pure drug Propranolol HCl, Polymer (mastic gum) and mixture of drug with 
polymer (1:1) was taken using Bruker Alpha T instrument by KBr pellet method. 
The spectra were scanned over a frequency range 4000-400 cm-1. The possibility 
of drug-excipient interaction was also investigated by DSC. The samples set in a 
DSC instrument Mettler Toledo (model number: Star 1). The DSC thermograms 
of pure drug, a mixture of drug with mastic gum, HPMC, Magnesium stearate, 
aerosil, microcrystalline cellulose were taken. The thermal analysis was per-
formed at a heating rate of 10.000 C/min over a temperature range 98-800C.    

Design of Experiment

 A 32 full factorial design given in Table 1 was used to assess the combined 
effect of independent variables on the dependent variable. Two factors were 
assessed at three levels, high, medium and low. The experimental trials were 
taken on all 9 possible combinations. Statistical model including mathematical 
polynomial equation was generated to study the response.8 

Table 1. Design format of 32 factorial designs

Formulation batches Variable X1 Variable X2

B1 -1 -1

B2 0 -1

B3 +1 -1

B4 -1 0

B5 0 0

B6 +1 0

B7 -1 +1

B8 0 +1

B9 +1 +1
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Where +1 is higher level,-1is lower level and 0 is mid level for the independent 
variables.

Polynomial equation generated by this design is as follows:

 Y = b0 + b1X1 + b2X2 + b11X1X1 + b22X2X2 + b12X1X2            Equation: 1

Where Y is the response variable b0 is the arithmetic mean response of the 9 
trials, and b1 and b2 are the regression coefficients. The main effects (X1 and X2) 
are represents the average results of changing 1 factor at time from its low to 
high value. The interaction terms (X1 X2) show how the response varies when 
two factors are simultaneously varied. The polynomial terms (X1 X1 and X2X2) 
are included to investigate nonlinearity. The level of independent variables and 
their coding is given in Table 2.

Table 2. Levels for independent variables and coding of variable

Levels Coded value Concentration of HPMC (%)X1

Concentration of Mastic gum     
(%)X2

Low -1 5 5

Medium 0 15 15

High +1 25 25

Preparation of sustained release tablets 

The propanolol HCl matrix tablets having a net weight of 200 mg were com-
pressed by direct compression method. All the excipients as per the composi-
tion were previously passed through sieve no.60 to get uniform particle size 
were weighed accurately and mixed thoroughly for 15 min. After mixing powder 
blend was transferred to double punch tablet punching machine (A.K indus-
tries) for compression. The detailed composition of the prepared tablets using 
32factorial design is given in Table 3.

Table 3. Composition of factorial design batches

Ingredients (mg) B1 B2 B3 B4 B5 B6 B7 B8 B9

Propanolol HCl 40 40 40 40 40 40 40 40 40

HPMC K 15 10 10 10 30 30 30 50 50 50

Magnesium stearate 2 2 2 2 2 2 2 2 2

Mastic gum 10 30 50 10 30 50 10 30 50

Microcrystalline 
cellulose 

136 116 96 76 96 76 96 76 56

Aerosil 2 2 2 2 2 2 2 2 2

Net weight of each tablet = 200 mg
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Evaluation of sustained released matrix tablets 

Pre compression parameters 

The micromeritics of all the compositions (B1to B9) were evaluated by calculat-
ing their bulk density, tapped density, angle of repose, carr’s index and haus-
ner’s ratio.9

Post compression parameters:

Weight variation

To ensure uniformity in tablets weight, twenty tablets were selected at random 
from each batch and average weight was determined. Then the individual tablet 
weight was compared with the average weight. The percentage deviation was 
calculated and checked for weight variation as per the official specifications.10 

% deviation= Average weight - Individual weight /Average weight X 100

Thickness

The thickness of tablets was measured by Vernier calipers to ensure uniformity 
in thickness. This is done by taking three tablets at random from each batch. It 
is expressed in mm. 

Hardness

To find tablet hardness Monsanto hardness tester was used. Three tablets from 
each batch were taken and the average value with standard deviation was taken 
as tablet hardness. It is expressed in kg/cm2.

Percent Friability 

 Tablets friability was assessed using Roche friabilator. Ten tablets from each 
formulation batch were initially weighed and placed in Roche friabilator rotated 
at 25 rpm for 4 minutes with 100 revolutions.11 Then final weight was taken. The 
percentage friable loss was calculated using the formula:

% Friability = initial weight –final weight / initial weight X 100                   

Content uniformity

Uniformity in drug distribution was carried out by triturating ten tablets to fine 
powder. Powder equivalent to the 40 mg of drug was weighed and dissolved in 
100 ml of phosphate buffer pH 6.8 and after suitable dilution absorbance was 
measured using UV-visible spectrophotometer at λ max 290nm.12
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Swelling index 

Swelling index of formulated batches was estimated by placing the initially 
weighed tablet into a petriplate containing 5ml of phosphate buffer pH 6.8. Af-
ter a regular interval of time the tablets were removed and swollen tablets were 
weighed. This was done for the period of 6hours.13  

In vitro dissolution studies

The in vitro drug release studies were done using basket type dissolution test 
apparatus in 900 ml of 0.1 N HCl pH 1.2 as dissolution medium for 2 hours fol-
lowed by phosphate buffer pH 6.8.  The basket was adjusted at 50rpm and the 
temperature of 37±10C was maintained throughout the experiment. A sample 
of 5ml was withdrawn at different time intervals for 8 hours. Each sample was 
filtered using membrane filter with a pore size of 0.45 mm and was analyzed 
after appropriate dilution by UV spectrophotometer at λ max 290nm.14

Drug release kinetic study

To assess release kinetics, various mathematical equations have been used, 
namely zero order, first order, Higuchi model and Kosmeyer Peppas equation.15 
The most suitable model was selected on the basis of the value of regression 
coefficient near to unity.

Selection of optimized formulations

For the selection of optimized formulation, a simple exhaustive grid search was 
done. The regression equations were calculated for different combinations of 
independent variables and the response values were compared for the selection 
of optimized formulation. The areas that give the optimum value for each stud-
ied response was found using overlay plot.

Comparison of optimized formulation with commercial brand

The optimized formulation selected by design expert software was then com-
pared with one of commercial brand of propranolol HCl tablet, Inderal 40 
(Abott India Ltd) for its in vitro drug release.

Stability studies 

The optimized formulation was subjected to stability studies after packing in 
aluminum pack as per ICH guidelines for 90 days at 400C ± 20/ 75% RH ± using 
stability test chamber (Remi elektrotechnik Ltd; Vasai, India). Test sampling 
was done at different time points for analysis.16
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RESULTS and DISCUSSION

Preformulation studies

Standard calibration curve of propranolol Hydrochloride

Standard calibration curve of drug plotted in 0.1N HCl and pH 6.8 phosphate 
buffers is shown in Figure 1 and 2, the R2 value was found to be 0.9995 and 
0.9857 respectively which indicated the linearity of the graph.

Figure 1. Standard plot of drug in 0.1N HCL 

Figure 2. Standard plot of drug in Phosphate buffer pH 6.8
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Compatibility studies of drug and excipients

FTIR Analysis 

FTIR spectra of propanolol hydrochloride showed a characteristics peak of OH 
stretch at 3435.84 cm-1. -NH stretch at 3330.11 cm-1, -CH stretch at 2928.33. A 
Peak of acryl C=C symmetric aromatic ring stretching at 1632.65 cm- 1and aryl 
coupling C-O-Stretching at 1268.17 cm-1 which peak was obtained from 1500 
cm-1. An aryl O-CH2 asymmetric stretching at 1240.96 and symmetric stretch-
ing at 1074.95 cm-1. A peak at 796.90 cm-1is due to naphthalene ring. Spectra of 
mastic gum showed a characteristics peak of OH group at 3440.25 cm-1. FTIR 
spectra of mastic gum and drug showed a characteristics peak of -NH stretching 
at 3330.34, -CH aromatic at 2925.40, C=C aryl group attached at 1691.09 and 
1637.70, –CH3 bending at 1456.71and 1401.01, C-O-C Stretching at 1267.46. All 
characteristic peaks of drug are shown in FTIR spectra of drug and mastic gum 
which indicates the compatibility of drug and mastic gum. FTIR spectra of Pro-
pranolol hydrochloride, Mastic gum and physical mixture of mastic gum HPMC 
K-15 and drug are given in Figure 3, 4 and 5 respectively.

Figure 3. FTIR of drug Propanolol HCl
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Figure 4. FTIR of Mastic gum

Figure 5. FTIR of HPMC-K 15

 

DSC Analysis

The possibility of drug excipient interaction was further investigated by DSC. 
DSC curve of pure drug as shown in Figure 6 give endothermic peak at 
168.740C. DSC curve of mastic gum as shown Figure 7 give endothermic peak 
at 98.800C.  DSC curve of drug and mastic gum as depicted in Figure 8 give en-
dothermic peak at 155.430C. From the DSC results it was concluded that there is 
no incompatibility between the drug and excipient selected. 
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Figure 6. DSC analysis of Propanolol Hydrochloride

Figure 7. DSC analysis of Mastic Gum

Figure 8. DSC analysis of HPMC-K15
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Evaluation of 32 full factorial design batches B1 to B9:	

Pre compression Evaluations 

Bulk density was found in range of  0.24 to 0.645 gm/cm3, tapped density 
ranged from 0.535 to 0.6, Angle of repose 14.0 to 26.26, Carr’s index range from 
22.3 to 4.2, Hausner’s ratio ranged from 1.04to 1.181. Results of evaluation of 
precompression parameters as shown in Table 4 indicated good micromeritic 
properties of all formulation batches.  

Table 4. Characterization of pre compression parameters of design batches B1 to B9

Parame-
ters

B1 B2 B3 B4 B5 B6 B7 B8 B9

Bulk 
density 
(g/cm3)

0.475± 
0.01 0.5128±0.03 0.4736±0.2 0.24±0.01 0.52±0.1 0.66±0.05 0.62±0.1 0.645±0.3 0.495±0.1

Tapped 
density
(g/ml)

0.61±0.02 0.60±0.03 0.52±0.2 0.27±0.01 0.58±0.4 0.68±.01 0.6±0.01 0.71±0.03 0.535±0.01

Angle of 
repose

14.0±0.03 16.69±0.12 16.17±0.04 22.7±0.05 17.7±0.12 18.2±0.11 26.26±0.1 23.26±0.2 25.17±0.21

Carr’s 
index (%)

22.3±0.1 15.37±0.5 10.47±0.11 11.1±0.12 11.5±0.1 4.2±0.3 5.30±0.1 5.90±0.01 7.47±0.13

Hausenr’s 
ratio

1.28±0.03 1.181±0.11 1.116±0.01 1.121±0.02 1.13±0.02 1.04±0.03 1.05±0.01 1.10±0.02 1.080±0.21

Values are expressed in mean ±SD, n=3 

Post compression Evaluations 

The Weight of the formulated batches passed the weight variation test as the % 
weight variation was within the Pharmacopoeial limits of ±7.5 % of the weight.  
The thickness of all tablets was in the range between 3.23 to 3.98 mm which 
indicates uniformity in size and shape of the tablets. The hardness of tablets was 
in the range between 4.66 to 7.5 kg/ cm2 which indicated the good mechanical 
strength of the prepared formulations that could maintain physical integrity 
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during the normal course of handling, also increase in content of mastic gum 
increases hardness due to the strong binding character of gum mastic.17 Friabil-
ity was in the range between 0.5% to 0.94%. Friability values were in agreement 
with official limit of less than 1% in all cases which indicated good mechanical 
strength required for handling and transportation. Content of drug distributed 
in all tablets was found in the range between 95.3 to 99.68% this ensured the 
uniformity and homogeneity of the drug distribution in the tablets. Results of 
post compression parameters are given in Table 5. 

Table 5. Characterization of Post compression parameters of batches B1 to B9	

Parameters B1 B2 B3 B4 B5 B6 B7 B8 B9

Weight 
variation

Pass Pass Pass Pass Pass Pass Pass Pass Pass

Thickness 
(mm)

3.79±0.095 3.98±0.27 3.8±o.15 3.4±0.047 3.93±0.31 3.23±0.02 3.7±0.021 3.92±0.03 3.82±0.02

Hardness 
(kg/cm2)

5.0±0.22 6.16±0.015 7.5±0.23 5.6±0.25 6.33±0.058 7±0.026 4.66±0.036 5.27±0.07 7±0.06

(% ) 
Friability

0.5%±0.03 0.94%±0.08 0.5%±0.45 0.09%±0.05 0.6%±0.045 0.53%±0.015 0.21%±0.33 0.28%±0.06 0.82%±0.02

(%)Drug 
content

95.3±0.25 98.2±0.05 98±2.23 99.4±0.36 99.68±0.21 97.6±0.11 99.1±0.71 99.51±1.18 99.1±0.01

Swelling 
index (%)

135.29±0.027 22.2±0.03 31.25±0.05 66.6±0.023 35.29±0.06 26.31±0.12 56.25±0.23 16.66±0.25 25±0.045

All values are expressed as mean ±SD, n=3 	

In vitro drug release studies

From in vitro drug release it was observed that as the concentration of the mas-
tic gum increases, the amount of drug release decreases. This may be explained 
due hydrophobic nature of gum which delay the hydration and swelling of poly-
mer matrix to release drug. Decreasing content of mastic gum and increasing 
amount of HPMC stimulates the drug release, due to the hydrophilic nature 
of HPMC which dissolve the coating of mastic gum around the drug particles 
and increase release in early stage. From the results of in vitro drug study it 
was found that B7 tablet batch containing 5% (10mg) of mastic gum and 25% 
(50mg) of HPMC-K15 could sustain the drug release for 8 hours and was se-
lected as optimized formulation, showing 19.43 at 2hours, 31.55 at 4 hours and 
60.13 % drug release at 8 hours which was found to uniform and consistent,  
this may be attributed due to more free drug: polymer ratio and constant re-
lease of the drug embedded in the mastic gum and HPMC-K15 matrix which 
has a hydrophilic gel forming nature. On coming in contact with liquid medium 
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this polymer hydrate and swell, forming a hydro gel layer which regulate the 
further penetration of the liquid into the tablet matrix and control the dissolu-
tion and diffusion of drug out of the polymer matrix and there by sustain the 
drug release. 18As the concentration of mastic gum increases the hydrophobic 
nature of the gum retarded the drug release which was due to the gummy nature 
and therefore poor solvent penetration into the tablet matrix that reduces the 
wetting and drug dissolution. Results of in vitro drug release study are shown in 
Figure 9 (a), (b) and (c)

 

(a)

(b)

(c)

Figure 9. In vitro drug release of formulations. (a), B1, B2 and B3; (b), B4, B5 and B6; and (c), 
B7, B8 and B9.
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Regression Analysis 

Mathematical relationship generated in the form of polynomial equations for 
the studied responses are expressed as follows:  

Y1= +26.75444-0.58667X1-3.22500X2 + 3.89250X1X2 

Y2 = +30.75889-1.62833X1-2.88500X2+1.66500X1X2+1.42167X2
1
.58167X 2

2

Y3 = +60.28444-0.9600X1 + 0.61833X2+6.85500X1X2

The above equation demonstrates the effect of various process variables over 
the studied responses. The analysis of variance (ANOVA) was performed to es-
timate the level of significance of model at 5%. A model is said to be significant 
if the p value is less than 0.05. Summary of regression analysis for studied re-
sponse is given in Table 6; all measured responses were found to be statisti-
cally significant as indicated by P value. F value measures the equality of two 
variances. The results are shown in Table 7. 

Table 6. Summary of regression analysis of measured Responses

Coefficient X0 X1 X2 X12 X11 X22 R2

% CDR at 2 
hours

+26.75444 0.58667 3.22500 +3.89250 - - 0.998

% CDR at 4 
hours

+30.75889 -1.62833 -2.885000 +1.66500 - - 0.9782

% CDR at 8 
hours

+60.28444 -0.96000 +0.61833 +6.85500 - - 0.9360

Table 7. Results of analysis of variance of all three responses

Source %CDR at 2 hours %CDR at 4 hours %CDR at 8 hours

Model F                         P Value F                      P Value F                      P value

X1 1.21                    0.03627 0.60                 0.057 5.76                 0.061

X2 3.04                    0.07903 0.17                 0.06936 0.70                 0.05635

X1X2 0,82                    0.0173 0.17                 -0.1507  0.84                0.06103       

X1
2 0.71                    -  3.80                0.01092    -                    -

X2
2  -                         -                      -                      -    -                    -
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The relationship between dependent and independent variables was further 
elucidated using surface response, contour plots and diagnostic graph as given 
in Figure. 10, 11and 12. Correlation between predicted and actual values as 
indicated by diagnostic graph was found linear with R2 value 0.998, 0.9782 and 
0.9360 indicating the excellent fit.

Figure 10. (a) Response surface plot for 2 hours drug release; (b) Contour plot for drug 
release at 2 hours and (c) Diagnostic plot for drug release at 2 hours.
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Figure 11. (a) Response surface plot for drug release at 4 hours; (b) Contour plot for drug 
release for 4 hours; and (c) Diagnostic plot for drug release at 4 hours.
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Figure 12. (a) Response surface plot for drug release at 8 hours; (b) Contour plot for drug 
release for 8 hours; and (c) Diagnostic plot for drug release for 8 hours

Formulation optimization

A numerical optimization using desirability approach was used to develop a 
new formulation with desired response. Upon evaluation a formulation having 
desirability closer to 1 was observed. The percentage prediction error between 
the predicted and experimental values for each response was calculated which 
was found to be within 5%. The formulation B7 was selected as optimized batch 
as error was minimum for studied responses.19, 20 ,
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Table 8. Predicted and Experimented values of three Responses with % error 

Response Predicted value Experimental value % Error

R1(2hours) 19.82 19.43 1.96

R2(4 hours ) 32.05 31.45 1.87

R3(8hours) 62.12 60.43 2.27

Comparison between experimented (E) and predicted value (P) of B2 formula-
tion are given in Table 8. Desirability and predicted values of the response R1, 
R2 and R3 are shown in Figure 13. 

Figure 13. Desirability and Predicted values Responses R1, R2 and R3 
	

Drug Release Kinetic Study	

From the results of drug release kinetics it was found that the release mechanism 
follows swelling and diffusion best demonstrated by Korsmeyer Peppa model giv-
ing R2 value of 0.9942. Results of drug release kinetic study are shown in Table 9.
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Table 9. In vitro release kinetics study of sustained released matrix tablets (B1-B9)	

Formulations
Zero order

R2

First order
R2

Higuchi
R2

Korsmeyer-Peppas  
R2

B1 0.9747 0.9498 0.9927 0.9922

B2 0.9856 0.9928 0.9586 0.9942

B3 0.9666 0.9908 0.9891 0.9974

B4 0.9428 0.8735 0.9636 0.9358

B5 0.9616 0.9511 0.8917 0.8793

B6 0.9498 0.9867 0.9606 0.9877

B7 0.8957 0.8879 0.9384 0.9233

B8 0.9815 0.9053 0.9607 0.9768

B9 0.9683 0.9709 0.9175 0.9694

Comparison of marketed formulation of Inderal 40 with optimized 
B7formulation   

In vitro drug release of optimized formulation was compared with marketed 
tablet of Propanolol HCl, Inderal 40 for 8 hours. Results of % cumulative drug 
release are shown in Figure 14. The in vitro drug release of B7 formulation 
showed more sustained release behavior as comparison to Inderal 40

Figure 14. Comparison of marketed formulation with Optimized B7 formulation
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Table 10. Stability study of optimized B7 formulation (40ºC with 75% RH) 	

Test Parameters Time Points (days)

0 15 30 45 60 90

% CDR at 2 hours 19.43 18.70 19.40 19.23 19.42 19.41

% CDR at 4 hours 31.45 31.23 31.29 31.43 31.45 31.40

% CDR at 8 hours 60.43 60.45 60.43 61.0 60.89 60.42

 
Stability Studies	
Results of stability studies of optimized batch are give in Table10 which in-
dicated that all the physical parameters of formulation remains with the pre-
scribed limit during the test periods. The percentage drug release estimated at 
different time points does not showed any variation, which means that the se-
lected formulation is stable.

The current research work was done with the objective of formulation of sus-
tained released tablets of propanolol HCl using combination of gum mastic and 
HPMC-K15 utilizing 32 factorial design approaches. It was concluded that mas-
tic gum (5%) and HPMC- K15 (25%) exhibited desired sustained drug release 
and followed Kosmeyer Peppas kinetic; the drug release mechanism may be 
diffusion or swelling of matrix. Therefore, mastic gum and HPMC- K15 can be a 
suitable combination for formulation of sustained released tablets. 

CONFLICTS OF INTEREST

Authors has no conflicts of interest

AUTHORS’ CONTRIBUTIONS

All authors contributed equally



341Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

REFERENCES
1. Prakash, P.; Porwal, M.; Saxena, A. Role of natural polymers is sustained release drug        delivery 
systems: applications and recent approaches. Int. Res. J. Pharm. Techno., 2011, 2, 6-11.
2. Yadav, I.K.; Singh, H.P.; Singh, R.P.; Tiwari, P.K.; Chandra, D.; Jaiswal, D.; Jain, D.A. Formula-
tion, evaluation and optimization of aceclofenac sustained release matrix tablets. Int. J. Phar. Sci. 
Dr. Res., 2010, 2, 107-111.
3. Chowdary, K.; Kalyani. Recent Research on Matrix tablets for controlled release – A Review. J.  
Int. Res. Pharm. App. Sci., 2013, 3, 142-48.
4. Singh, K.; Kumar, A.; Langyan, N.; Ahuja, M.  Evaluation of Mimosa pudica seed mucilage as 
sustained-release excipient.  AAPS Pharm. Sci. Tech., 2009, 10, 1121-1127.
5. Chugh, I.; Seth, N.; Rana, A.C.; and Gupta, S. Oral sustained release drug delivery system.Int. Res. 
J. Pharm. Sci., 2012, 3, 57-62.
6. Bhargava, A.; Arthur, R.P.S.; Tanwar, Y, S.; Gupta,S.; Bhaduka, G. Oral sustained release  dosage 
form an opportunity to prolong the release of drug. Int. J. Res. Pharm. Biomed. Sci., 2013, 3, 7-14.
7. Yan, G.; Li, H.; Zhang, R.; Ding, D. Preparation and evaluation of sustained released formulation 
of nifedipine HPME tablets. Drug Dev. Ind. Pharm., 2000, 26,681-86.
8. Ghosh, S.; Ghosh, N. S.; Devnath, S.; Ganesh, J.I.; Chakraborty, R.S. Formulation and evalua-
tion of sustained release dosage form of nifedipine hydrochloride using multi-unit chitosan treated 
alginate. Int. J. Res. Pharm. Biomed. Sci., 2010, 1, 124-31.
9. Afsar, C.; Sayyed, N.; Shaikh, S.; Tarique, K.; Siddik, M.; Mohammad.; Shaikh, A. Formulation 
and evaluation of sustained release tablets of aceclofenac using hydrophilic matrix system. Int. J. 
Pharm. Pharm. Sci., 2011, 2, 145-48.
10. Satyaraj, A.; Abhinav, K. Formulation evaluation of metoprolol succinate controlled release tab-
lets using natural and synthetic polymer. Int. J. Pharm. Sci. Res.,2012, 2, 47-56. 
11. Somnath, L.; Manoj, P.K.; Gorakhnath, H.; Development and evaluation of sustained released 
matrix tablets of naproxen. Der. Pharmacia. Lettre., 2015, 7, 270-79.
12. Kaleemullah, M.; Jiyauddin, K.; Thiban, E.; Rasha, S.; Al-Dhalli, S.; Budiasih, S.; Gamal, O.E.; 
Fadli, A.; Eddy, Y. Development and evaluation of Ketoprofen sustained release matrix tablet using 
Hibiscus rosa-sinensis leaves mucilage. Saudi. pharm. J., 2017, 25, 770-779
13. Vlachou, M.; Geraniou, E.; Siamidi, A. Modified release of furosemide from Eudragits® and 
poly (ethylene oxide)-based matrices and dry-coated tablets. Acta. Pharmaceutica. 2020, 70, 
49-61.
14. Upendra, N.; Charu, B.  Formulation and in vitro characterization of diclofenac sodium   loaded 
sustained release matrix using natural and synthetic polymers. Ind. J. Pharm. Edu. Res., 2014, 48, 
12-24.
15. Fentie, M.; Belete, A.; Mariam, T.G. Formulation of Sustained Release Floating microspheres 
of Furosemide from Ethylcellulose and Hydroxypropyl Methylcellulose polymer Blends. J. Nano.
med. Nanotechnol., 2015, 6, 2-5
16. Higuchi, T. mechanism of sustained action medication: theoretical analysis of rate of       release 
of solid drugs dispersed in solid matrices. Int. J. Pharm. Sci., 1963, 52, 1145-49.
17. Yeole, P.G.;  Galgatte, U.C.; Babla, I.B.; Nakhat, P.D. Design and Evaluation of Xanthan gum 
based Sustained release matrix tablet of Diclofenac sodium. Ind.  J. Pharm. Sci., 2006, 68, 185-89.
18. Dinesh, M. M. Evaluation of gum mastic (Pistacia lentiscus) as a microencapsulating and matrix 
forming material for sustained drug release. Asian J. Pharm. Sci., 2017, 12, 424-32.
19. Banker, A. U.; Banker, V. H.; Sunil, P.P. Formulation design and optimization of sustained re-
leased matrix tablets of Ambroxol hydrochloride. Int. J. drug deliv., 2012, 4, 375-85.
20. Ahmad, K.H.A.N.; Naqvi, B.S.; Shoaib, M.H.; Jallat, K.H.A.N.; Yousaf, R.I. Formulation Devel-
opment and Optimization of Metoclopramide HCl Tablets for Future IVIVC Studies. Lat.  Am. J. 
Pharm., 2015, 34, 134-4



342 Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

REVIEW ARTICLE



343Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

Review: Polymers for Mucoadhesive 
Drug Delivery Systems
Sunita Devi1*, Meenakshi Bhatia1, Samiksha Grewal1

1Guru Jambheshwar University of science and technology, pharmaceutical sciences, Hisar, India

INTRODUCTION

Polysaccharides are biopolymers made up from different and lengthy chains 
of monosaccharides units which are joined together by a glycosidic link and on 
hydrolysis reactions yields oligo and monosaccharides which are known as pol-
ysaccharides. Polysaccharides are related to carbohydrates and 99% are founds 
in plants1. Polysaccharides are often quite homogenous, containing slight modi-
fications of repeating units. Frequently, polysaccharides are not in pure form. 

ABSTRACT

In bio adhesive drug delivery, the word bio adhesion is used to define the connection 
between polymers (synthetic or natural) and gastro-intestinal mucosa or any soft 
tissue of the body. In cases when the bond is designed with the mucosa, the term 
mucoadhesion may be used synonymously with bio adhesion. For delivered the 
mucoadhesive drug by oral route following locations are used:-Oral cavities (lips, 
tongue, cheek or buccal, soft palate, hard palate and floor of the mouth.  Importance 
of Antioxidant activity, it increase the dwelling time of the dosage time at the ab-
sorption site and it improves absorption and the therapeutic ability of the drug due 
to increase the residence time. Natural polysaccharides have an extensive variety 
of applications as a dietary supplement and pharmaceutical excipients with good 
biocompatibility, low cost, and easy accessibility. Polysaccharides are obtained from 
various sources like plants, marine, and animals. 
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They are associated with other polysaccharides, polyphenolics or proteins by 
covalent or non-covalent bonds. The structure of polysaccharides are frequently 
linear but may contain various degree of branching2.  

Polysaccharides are of mainly two types:  

(A) Homo Polysaccharides: They are those polysaccharides which on hydrolysis 
yield a single type of monosaccharides. E.g., Cellulose, Dextrin, Inulin, Starch, 
Glycogen, etc.  

(B) Hetero Polysaccharides: When polysaccharides are composed of different types 
of sugars are hetero polysaccharides. E.g., Proteoglycans, Hyaluronic acid, etc. 

Natural polysaccharides have an extensive variety of applications as a dietary sup-
plement and pharmaceutical excipients with good biocompatibility, low cost, and 
easy accessibility. Polysaccharides are obtained from various sources like plants, 
marine, and animals. Polysaccharides containing various polymers such as gums 
and mucilage for various uses in pharmaceutical formulations3,4. When natural pol-
ysaccharides are compared with synthetic polymers, natural polysaccharides are 
nontoxic, economic and biodegradable. Many polysaccharides such as chitosan, 
xanthan gum, sodium alginate, etc. are used in combination or either alone with 
their customized and indigenous form to evaluated controlled release of drugs, 
water treatment, improved oil recovery and flocculation of suspension5. Table 1. 
Shows the naturally occurring polysaccharides obtained from various sources:  

Table 1. List of various polysaccharides and their sources

S.No. Sources Polysaccharides

1.  Plants Starch, Pectin, Guar gum, Flaxseed gum, Pectin, inulin, Albizia gum

2. Animals Chitosan, Hyaluronic acid, Chitin, Chondroitin sulfate

3. Seaweed Alginates, Carrageenan, Agar

4.  Fungal Scleroglucan

5.  Microbial Xanthan gum, Gellan gum, Dextran, Glycan, Pullulan

6. Tree exudates Tragacanth, Gum acacia, Ghatti gum

Application of polysaccharides:

(A) Antitumor activity: Polysaccharides indicated important anti-tumor activity 
beside A375 and BGC823 cells and with vascular smooth muscles, cells show 
low cytotoxicity. Pectin a complex6 polysaccharide, and a significant source of 
dietary fiber, it shows inhibitory action for several cancer lines. Polysaccharides 
anticancer activity is affected by the form of molecules, size of molecules, solu-
bility in water and degree of branching. If water solubility of polysaccharide is 
higher and greater molecular weight then it shows greater antitumor activity. 
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(B) Immunoregulatory activity: Plant-derived polysaccharides have the best 
immunemodulatory constituents and have been displayed to be clinically thera-
peutic. Immune functions of macrophages, lymphocytes and natural killer cells 
directly active by plant polysaccharides.   

(C) Antidiabetes activity: The polysaccharides which are obtained since natural 
resources (higher plants, algae, and mushrooms entirely have significant poten-
tial for the management of diabetes and also provide an annoying source for up-
coming innovation and developed a new and unique compounds of therapeutic 
worth. Astragali Radix and Rahmanniae Radix exist two new compounds used 
for diabetes mellitus in China.  

(D) Anticoagulant activity: After sulfate modification, anticoagulant activity of 
polysaccharides similar action as heparin but no anti-platelet activity and avoid 
the side effect which induced by heparin. Sulfated citrus pectin and sulfated gly-
col glucuronomannan have revealed antithrombotic and anticoagulant activity. 
Sulfated polysaccharides found in aquatic invertebrates and aquatic algae with 
anticoagulant activity.  

(E) Antiviral activity: Astragalus polysaccharide displays antiviral activity be-
side infectious bursal disease viruses and also reduces mortality and morbidity 
of the IBD (Infectious bursal disease) virus-infected chicks. Polysaccharides ex-
isting in algae and their abstracts (alginate, fucoidan, and laminarin) can inhibit 
bacteriological as well as viral infections.  

(F) Antioxidant activity: Natural polysaccharides is an extremely favorable 
source of anti-oxidants, exclusively those which have been capability to more 
unrestricted radicals, so it has definite antioxidant and antiaging activity. Algal 
polysaccharides play a significant part as free radical scavengers in-vitro for the 
anticipation of oxidative impairment inactive organisms.   

Polymers used for mucoadhesive drug delivery system7 

Before using any polymer for any mucoadhesive formulation, polymers have 
been examined to ensure if they fulfill all the requirements (high number of 
hydrogen bonding, swelling properties, suitable wetting and chain flexibility of 
polymer) to ensure diffusion of mucoadhesive polymer to the mucous mem-
brane network. Hydration is an also important requirement for mucoadhesive 
polymer to create sufficient macromolecular mesh and release polymeric chains 
to increase elucidation between mucin and polymer. The use of mucoadhesive 
polymers increase day by day to modified the release of formulation dosage 
form and also increased their use for buccal and gastro retentive drug delivery 
system. The design of some bilayer polymeric mixture can provide new material 
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for biomedical application and increase adhesion time, prolonged dwelling time 
and greater surface contact with the mucosa. 

A new advancement (Polymer blending) that can combine the advantage of 
many different polymers and usually faster and cheaper development as com-
pared to new monomers and new polymerization routes. Because of this reason, 
especially thermo-responsive and mucoadhesive polymers are used. 

Characteristics of ideal polymers 

● Non-irritant to mucosal membrane 
● Optimum molecular weight 
● Good spreadability, wetting, swelling, and biodegradable properties. 

Mucoadhesive polymers in drug delivery: Table 2 shows various types of 
polymers which are used in mucoadhesive drug delivery system8,9.

Table 2. List of various polymers used in mucoadhesive drug delivery system 

Source Dependent Polymers Aqueous solubility Charge
Potential Bioadhesive 

Force

Natural polymers   
E.g., Agarose, gelatin, chitosan 

Various gums 
 (guar, xanthan, pectin, and 

sodium alginate)  
Synthetic polymers 

E.g., 
Cellulose derivatives: 

CMC, Thiolated CMC, sodium 
CMC, HPMC, HPC, methyl 

hydroxyethyl cellulose. 
Poly(acrylic acid)- based 

polymers  
E.g., Polyacrylates, PAA, PC, 

Poly(methyl vinyl ether-coethyl 
hexyl acrylates), polyoxyethylene, 

PVP, PVA, thiolated polymers 

Water-soluble  
E.g., HEC, HPC, sodium 
CMC, Sodium alginate. 

HPMC flax seed 
water-insoluble 

chitosan (soluble in 
dilute aqueous acids), 

EC, PC

Cationic charge   
E.g., Amino dextran, 

Chitosan trimethylated 
chitosan, dimethyl 

aminoethyl- dextran 
Anionic charge  

E.g., chitosan, EDTA, 
CP, CMC, Pectin, PAA, 
PC, sodium alginate, 

Sodium CMC, Xanthan 
gum

Covalent bonded 
polymers  

E.g., hydroxyethyl 
starch, HPC, PVA, PVP

Hydrogen bond 
E.g., Acrylates, poly 

(methacrylic acid), CP, 
PC, PVA 

Electrostatic 
interactions  

E.g., Chitosan

(A) Polyacrylates: There polymers are present in a broad variety of molecu-
lar weights, definitely modified systems of gel, safe besides non-toxic for oral 
uses. Polycarbophil and carbomers (PAA derivatives) are most preferred used 
as mucoadhesive polymer. Carbopol used as a polymer in oral preparation, sus-
pension, and tablets. Polycarbophil is water-insoluble polymer but has a high 
swelling property that allowing high levels of enlargement within the mucus 
layer. The mucoadhesive properties of PAA increased by its conjugation with 
cysteine10. Sodium polyacrylate, also known as waterlock, is a sodium salt of 
polyacrylic acid with the chemical formula [−CH2−CH(CO2Na)−]n.
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Chemical structure of Sodium polyacrylate

(B) Cellulose derivatives: Depending upon their type of substitution, cellu-
lose derivatives exhibit different concerts. The most widely used cellulose deriv-
atives as a mucoadhesive polymer are HPC (hydroxyl propyl cellulose), HPMC 
(hydroxyl propyl methyl cellulose), HEC (hydroxyethyl cellulose) and CMC (car-
boxymethylcellulose). As compared to other cellulose derivatives CMC shows 
greater mucoadhesive properties and also high hydrogen-bonding capacity11.  

Chemical structure of cellulose

(C) Chitosan: As compared to other cationic polymers, Chitosan is most 
broadly investigated polymer. Chitosan is a biocompatible, hydrophilic and 
biodegradable polymer with very low toxicity. Chitosan have moderate swell-
ing and mucoadhesive properties. Used in the formulation of sustained release. 
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(D) Alginates: Alginates are naturally occurring polymers and extracted from 
seaweed, algae, and bacteria. Alginate is a negatively charged polymer and used 
for the preparation of microparticles because of their good mucoadhesive prop-
erties. Both low molecular weight alginate (too stiff) and high molecular weight 
(more flexible) are used as mucoadhesive polymer12. 

(E) Pectin: Pectin found in the cell wall of maximum plants and it is a water-
soluble and heterogeneous polysaccharide. After mixing pectin and mucin in 
deionized water, the formation of large aggregates shown the relationship be-
tween pectin and mucin with hydrogen bonding.  

(F) Polyvinyl Pyrrolidone: PVP is a non-ionic synthetic linear polymer hav-
ing group (N-vinyl-2-pyrrolidone). PVP is non-toxic and due to this nature, it 
is used in non-parenteral exposure. PVP is soluble in various solvents (aqueous 
and organic) and these are chemically inert. It is mostly used in many formula-
tions of pharmaceutical due to its mucoadhesive properties. The mucoadhesive 
properties of PVP at the pH of the intestine is 6.6.

Chemical structure of Polyvinyl Pyrrolidone

Out of numerous polymers available in nature, Flaxseed mucilage is selected to 
study the mucoadhesive potential

Flaxseed: Flaxseed mucilage (Linum usitatissimum L.) 

Family: Linaceae  

Flaxseed mucilage (FSM) is a mucilage of polysaccharide extracted from fully 
developed dried seed of linseed or flax plant. Flax seed have two basic varieties: 
Golden or yellow (also known as golden linseed) and brown flax seed. The mu-
cilage of flax seed contains two different polysaccharide types:- (1) acidic poly-
saccharides (rich in L- rhamnose, D-galactose) and (2) natural polysaccharides 
(rich in D-galacturonic acid, L-rhamnogalacturonan)10.  
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Structure of chemical constituent’s flaxseed mucilage

Flaxseed is well recognized for the content of chemical compounds with spe-
cific biological activity and functional properties: polyunsaturated fatty acids 
(PUFA), omega-3 family, lignans, soluble dietary fibers and carbohydrates13. 
The mucilaginous cells are present on the outer surface of the seed. The seed 
coat present on the outer surface of the flaxseed protect the flaxseed from me-
chanical damage and UV radiations3.  

The seed coat of flax seed have the following roles: 

● Providing resistance against rain and wind 
● Promoting water uptake 
● Facilitating seed disposal by sticking to animals.  

Flaxseed is rich in dietary fibers. Flax seed have many biologically active com-
pounds such as linoleic acid, linoleic acid, lignans, polysaccharides, alkaloids, 
and cyanogenic glycosides. The production of flaxseed is for the production of 
oil, fiber, and food13.

Properties

It displays a great thickness in liquid or aqueous media and embraces a virtuous 
water-holding and swelling capability.  Moreover, it possesses exclusive nutri-
tive significance as a dietary fiber and gelling agent. Nowadays, flax seed have 
been used also in pharmaceuticals. 

Applications of flax seed 	

1. Pharmaceutical applications of flax seed 

(a) Flaxseed mucilage and gums used information on mucoadhesive tablets be-
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cause of their mucoadhesive nature. It is used as a disintegrant in tablets. 
(b) Used as an emulsifying and suspending agent to stabilize the emulsion for-
mulations. 
(c) Used as sustaining material in dosage form 
(d) Used as coating material  
(e) Used as gelling agent15 

2. Therapeutically applications of flax seed 

(a) Used in cardiovascular disease (whole ground flaxseed, fiber, oil, and pow-
der. 
(b) Used for rheumatoid arthritis and inflammation of joints (flaxseed oil) 
(c) Useful in hyper-cholesterolemia (flax seed powder and flaxseed oil) 
(d) Used in the treatment of diabetes  
(e) Useful to treat obesity 
(f) Used in hypertension  
(g) Used to treat tumor or cancer 
(h) Used in kidney disease16 

3. Dietary application of flaxseed: Flaxseed meal is gluten-free with a satisfying 
nutty (nuts like) flavor. The protein content also found in flax seed meals com-
bined with binding properties of soluble fiber.   

Flax seed works as a dietary supplements  

(a) Fiber supplementation (bulk laxative with a demulcent action) 
(b) Used as a component of protein powder blends.  
(c) Many food ingredients (breads and other baked goods) are gluten-free prod-
ucts which are made by using flax seed.  
(d) Healthy functional snack food (high protein energy bars)  
(e) Oil of flax seed maintain the level of omega- 3 and omega-6 in the body 
(f) Useful in the treatment of constipation and helps to maintain the overall 
bowel health.  

Muco adhesion: 

The term muco adhesion refers to any bond made between any two biological 
surfaces or a bond between a synthetic surface and mucosal surface (biological 
surface) and the constituents which are proficient for interaction with biologi-
cal measurable and adhering them together for extended periods are known as 
mucoadhesive/ bioadhesives. 

In bio adhesive drug delivery, the word bio adhesion is used to define the con-
nection between polymers (synthetic or natural) and gastro-intestinal mucosa 



351Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

or any soft tissue of the body. In cases when the bond is designed with the mu-
cosa, the term mucoadhesion may be used synonymously with bio adhesion17 

MECHANISM OF MUCOADHESION17,18  

As stated, mucoadhesion is the connection of the drug and a suitable carrier 
to the mucous membrane. Mucoadhesion is a complex phenomenon which in-
clude:

STEP 1. Swelling and Wetting of polymer (contact stage) 
STEP 2. Interpretation between the mucosal membrane and chain of polymers  
STEP 3. Establishment of connections between the tangled chains (both known 
as consolidation stages). Figure 1. Shows the mechanism of mucoadhesion

Figure 1. Mechanism of mucoadhesion

Theories of mucoadhesion18,19

1. Wettability theory

This theory is useful to low viscosity or liquid mucoadhesive organizations. 
Wettability theory defines the capability of a mucoadhesive polymer to the ex-
tent on biological membrane consequently it provides an interpretation of the 
“spreadability” of active drug delivery system.  The process of wetting theory 
describes the energy essential to stabilize the surface rigidity at the interface 
amongst the two surfaces permitting for a virtuous mucoadhesive distribution 
and contact of the biological substrate. Figure 2. Shows the interaction angle 
between the device and the mucous membrane of mucoadhesion.
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Figure 2. Contact angle between device and mucous membrane

2. Adsorption theory20:

Based on the adsorption theory, van der Waals’ and hydrogen bond forces estab-
lished for adhesive interactions. The mucoadhesive substance adhere because 
of superficial forces performing amongst the molecules of two surfaces, after 
preliminary contact angle between inter exteriors. According to the concept of 
chemisorption, collaboration through the interface follows as a consequence of 
compact covalent bonding. 

3. Fracture theory

According to this concept, the strength which is required to discrete both the 
surfaces from each other is connected to the adhesive connections between the 
systems. This “fracture theory” transmits the strength for polymer impartiality 
from the mucus to the strength of their adhesive connection (Figure 3).
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Figure 3. Picture of Secondary interaction resulting from inter-diffusion of polymer chain on 
bioadhesive device and bioadhesive membrane

4. Electronic theory

Each surfaces have their particular electronic structure and structural proper-
ties. This system is established on electronic modifications in arrangement or 
structures. It explains that bonding arises due to electron transmission between 
the arrangement of polymers and the mucous membrane epithelium. This re-
sults, double layer formed by electronic charges formed at mucoadhesive sys-
tem interface and mucus. This is responsible for the development of attractive 
force between the two exteriors through the electronic double layer (Figure 4).

Figure 4. Electronic theory of mucoadhesion.
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5. Diffusion theory

This theory explains the time-dependent mucoadhesive polymer chain diffusion 
into the glycoprotein chain network of the mucus stratum, shows in figure 5. This 
is a two-way diffusion method through permeation amount being based upon the 
diffusion coefficients of mutually relating polymers. While there are several fac-
tors elaborated in such procedures, the basic properties that considerably affect 
this diffusion are cross-linking density, molecular weight, and chain flexibility 
extension capacity of both networks and temperature (as major factor).  

Figure 5. Picture of diffusion interlock of polymeric chains

Factors affecting mucoadhesion process 

The mucoadhesion of the drug carrier system to the mucous membrane de-
pends on the below-mentioned factors18. Different types of factors which affect 
the mucoadhesion process as following

● Concentration of polymer used
● Molecular weight of polymers
● Swelling factors & stereochemistry of polymer
● Mucin turnover rate
● Flexibility of polymers chain
● Polymer - substrate interaction pH 6,21
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Mucoadhesive drug delivery system

The use of MDDS is increased day by day because it can increase drug accretion 
on the mucosa by prolong the dwelling time. Hydrophobic interaction plays a 
vital role in case of mucoadhesion. In accumulation to electrostatic bonding 
and hydrophobic interaction, it has been shown that mucoadhesion can also 
occur through physical interlocking of polymer with mucosal membrane. The 
mucoadhesive formulations have been prepared as a medication to enhance the 
contact time of dosage form with the mucosal layer of various routes for drug 
delivery in body: Oral, Buccal, Oral, Nasal, Rectal, ocular, Sublingual routes22,23. 

For delivery of drug to the oral mucosa observe various areas: 

For delivered the mucoadhesive drug by oral route following locations are 
used:-Oral cavities (lips, tongue, cheek or buccal, soft palate, hard palate and 
floor of the mouth24.  

Oral mucosa is a useful term to identify the lining of the oral cavity includes 
buccal, sublingual, gingival, palatal and labial mucosa. 

Importance of mucoadhesive drug delivery25

1. It increase the dwelling time of the dosage time at the absorption site. 
2. It improves absorption and the therapeutic ability of the drug due to increase 
the residence time. 
3. Exceptional availability21,26.
4. Better blood flow rates due to fast blood supply. 
5. First, pass metabolism avoidance increase drug bioavailability.  
6. Due to the acidic environment in the GIT drug is protected from degradation.  
7. Enhanced patient Obedience: faster onset of action is achieved due to mu-
cosal surface and easy to administer. 

Limitation of mucoadhesives drug delivery system: 

1. Long-time fixation at the site of application26. 
2. A new perspective is enzyme inhibition and penetration enhancement. 
3. Drinking and eating are constrained at the time of mucoadhesive drug de-
livery. 
4. Possibility of swallowing of formulation by patient.  
5. Dosage form should not be disseminated after located at the site of absorp-
tion.
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Mucoadhesive formulation: 

(A) Tablet

Tablets are solid dosage form and small in size and use mucoadhesive coating. 
The coating on tablets used for mucoadhesive formulations for adherence of 
tablet to mucosa for both targeted local and systemic administration. Tablet 
have less patient compliance when given orally as compared to other route27.

(B) Patches 

Patches have three separate layers:  

(1) Outer impermeable layer 

(2) Reservoir layer (middle layer)  

(3) Inner layer  

Outer layer of patches control the direction of release of drug from the patches 
at the contact site and middle layer act as reservoir layer and hold the drug and 
help to provide specified amount of dose at the application site. The final inner 
layer allows the patch to adhere to the specified mucosa. 

(C) Gels

Gels are liquid or semisolid dosage form. When a solid form of any formula-
tion affects the comfort level of the patient then gels are used for treatment. 
Mucoadhesive formulations increase the viscosity of gels after applications so 
the drug in the gel form of drug effectively administer at the local sites and also 
maintaining the comfort of the patient. 

(D) Solution

The solution form of mucoadhesive formulation is used when the drug is ad-
ministered in the eye and nasal cavity. In mucoadhesive formulation, polymers 
which are mucoadhesive used to improve resistance of mucosal surface. The 
mucoadhesive system when used for eye then it called situ gelling system.  

Advancement in mucoadhesive drug delivery system26

● Liposomes (used to convey vaccine drug, enzyme to cells and organs) 
● Nanoparticles (used to improve ocular bioavailability and play a superior role 
to improve targeting at the site) 
● Microsphere 
● Nano suspension 
● Mucosal vaccination 
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Modification of polysaccharides 

Various approaches are used for chemical modifications of these natural poly-
saccharides are graft polymerization, etherification and cross-linking to over-
come the problems of low microbiological stability, disagreeable odor, and un-
controlled hydration limit. Grafting by using vinyl monomers is a very useful 
application now a day to develop a new and better modified polysaccharides.     

(A) Chemical modification

This technique of modification, can adapt the structure of polysaccharides by 
announcing substituent groups, and thus reinforce their parent bioactivities as 
well as generated new useful bioactivities. Some of the chemical modification 
techniques are:-  

(a) Sulfation

 This method is used for sulfation of neutral polysaccharides and sulfated poly-
saccharides.  

(b) Carboxy methylation

Cellulose, pachymaran, and scleroglucan have poor water solubility so they 
can’t induce bioactivities. This method is used to raise their biochemical events 
to stimulate water solubility28.

(c) Phosphorylation

Glucose, Fructose, and some other monosaccharides which have no natural bio-
activities, can be stimulated after phosphorylated modification.   

(d) Acetylation

This method of modification used for the treatment of branches in polysaccha-
ride molecules, which results in improvement in the solubility of polysaccharides.   

(e) Alkylation

This method is frequently useful to modify chitosan to decrease their viscosity 
and improve solubility. Some polysaccharides need to modify by a methyl or 
ethyl group before analyzed the gas chromatograph is analyzed. 

(f) Graft co-polymerization

The graft co-polymerization method involves a long sequence of one or more 
branches to another polysaccharide. The free radicals sites will create on the 
performed polymer with the help of external agents2.

(g) Etherification
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This method of chemical modification of polysaccharides involves the reaction 
of an alcohol (Saccharide alcohol) with alkylating agents (carboxylic acid used 
as alkylating agent). 

(h) Oxidation

Polysaccharides may be oxidized in different ways to produce the structure of 
different types of polysaccharides. Chemical and biological modification have 
both seen used for oxidation of primary alcohol of polysaccharides. In oxidation 
reaction, chemical oxidation of primary alcohol to carboxylic acid and enzy-
matic oxidation of primary alcohol to aldehyde2. 

(i) Selenization

Selenium is an essential trace element for the human body and also an impor-
tant component of glutathione peroxidase and superoxide dismutase. The com-
bination of selenium and polysaccharide into an organic compound can pro-
mote the functions of new organic compounds. 

(j) Acid/alkali degradation

This is a traditional method for Production of modified polysaccharides through 
acid/alkali degradation. To be specific, glycosidic bonds of polysaccharides are 
first cleaved by acidic/ alkaline solution, thus degradation of polysaccharides 
into lower molecular weight fragments with high solubility and improved bio-
logical activity, etc. 

(B) Physical modification 

This method is used to shorten the parent polysaccharide strength to develop 
lower molecular weight fragments. This technique is to confirm the mainte-
nance of the basic arrangement of polysaccharides and the only reason for some 
conformational variations. The generally used techniques are microwave expo-
sure, ultrasonic disruption, radiation-induced reaction, etc. 

(C) Biological modifications 

The biological modification of polysaccharides mostly denotes to enzyme modi-
fication, which is catalysis with enzymes results degradation of polysaccharides. 
When biological modification is associated with chemical modification then bi-
ological modification shows benefits of great efficiency, high specificity, and low 
toxic effects. The main aim of biological modification is to destroy the strength 
of polysaccharide before decreasing its viscosity and its molecular weight.  
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Grafted Polysaccharides

Polysaccharides such as vinyl monomers, Cellulose, gelatin, Starch, Eudragit, 
Chitosan, Carbopol, Agarose, and Acacia, etc. have been expansively graft 
modified to achieve macromolecular constituents better to their parent poly-
saccharides. The graft modified polysaccharide demonstrating better resistance 
to heat, antibacterial activity, greater oil/water repellant qualities, higher me-
chanical strength29. 

In natural form, polysaccharides have reduced shelf life because of their vulner-
ability to biodegradation but impartially unaffected to degradation below shear 
and perform as convenient flocculants and synthetic polymers suffer from poor 
shear dwelling properties but they can be easily tailored. By grafting technique, 
the synthetic polymers with any natural polysaccharides can be converted into 
identical customizable matrices with mixture properties appropriate for differ-
ent uses. Chemical grafting is a useful and most effective method to obtain new 
material or polysaccharide by increasing the compatibility between natural and 
synthetic polymers and the new polysaccharide has the most useful and pre-
ferred hybrid characteristics. Grafted polysaccharide includes the connection of 
polymer chains, usually a monomer, to the strengthen polymer30. 

Grafting Techniques

The grafting technique is a multipurpose implementation for the copolymer 
production that may attain innovative property, a new and different arrange-
ment of their parent molecule. Grafting technique carried out with the help of 
free radicals such as chemical inventors, U.V. Rays in the occurrence of photo-
sensitizers, gamma rays, and microwave radiations. Grafting copolymerization 
is a new technique for the hybridization of natural polymer with any synthetic 
polymer for improvement in the functionality of natural polymer and modify a 
new and better polysaccharide. The most preferred process of graft copolymer 
production is the use of microwave radiation to produce the free radical sites on 
the strength polymer29,30 . 

The methods used for graft copolymerization has been classified 
into various types: 

(1) Grafting initiated by free radicals (chemical method)31

(2) Grafting by enzymes (biological method) 

(3) Grafting induced by plasma-radiation 

(4) Radiation grafting (physical method:microwave radiation-induced grafting) 
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(5) Photochemical grafting  

(6) Grafting by photochemical reactions 

(7) Ionic grafting 

(8) Grafting by chemical-free radical initiators etc.

The use of MDDS is increased day by day because it can increase drug accretion 
on the mucosa by prolong the dwelling time. Hydrophobic interaction plays a 
vital role in case of mucoadhesion. In accumulation to electrostatic bonding 
and hydrophobic interaction, it has been shown that mucoadhesion can also 
occur through physical interlocking of polymer with mucosal membrane. The 
mucoadhesive formulations have been prepared as a medication to enhance the 
contact time of dosage form with the mucosal layer of various routes for drug 
delivery in body- Oral, Buccal, Oral, Nasal, Rectal, ocular, Sublingual routes.

CONFLICT OF INTEREST

The authors report no conflicts of interest.



361Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

REFERENCES

1. Akin, A.; & Isiklan, N. Microwave assisted synthesis and characterization of sodium alginate-
g-poly (N,N“- Dimethyl acrylamide). Int. J. Biol. Macromol., 2016, (82) 530-540.  

2. Bhosale, R.R.; Osmani R.A.; & Moin A. Review on natural polysaccharide based particulate 
drug delivery systems: An inimitable tactic in novel drug delivery systems. Int. J. Curr. Pharm. 
Rev. Res., 2014, 5:138-155.

3. Tomada, M.; Shimada, K.; Satio, Y.; & Sugi, M. Plant mucilages:  Isolation and structural 
features of Okra mucilage, from the immature fruits of Abelmoschus esculentus . 	 C h e m . 
Pharm. Bull., 1980, 28(10):2933-40.

4. Bemiller, J.N.; & Whistler, R.L. Industrial gums: Polysaccharides and their derivatives. Aca-
demic Press, 2012. 

5. Kulkarni, R.V.; Imamdar, S.Z.; Das, K.K.; & Biradar, M.S. Polysaccharides- based stimuli 
sensitive graft co-polymer for drug delivery. Advanced drug delivery review. Woodhead pub-
lishing, 2010, 155-171.

6. Boddupalli, B.M.; Mohammed, Z.N.K.; Nath, R.K.; & Banji, D. Mucoadhesive drug delivery 
system: A review. 	 J. Adv. Pharm. Technol. Res., 2010, Vol 1 (4): 381-387. 

7. Nagaveni, P.; Sekhar, C. K.; & Reddy, J . Design and in-vitro evaluation of mucoadhesive 
drug delivery of nateglinide. Int. J. Pharm. Sci. Res., 2017, 8(4): 676-684.   

8. Morales, J.O.; & McConville, J.T. Manufacture and characterization of mucoadhesion buc-
cal films. Eur. J. Pharm. Biopharm., 2011,  77(2). 187-199 

9. Singh, J.; & Deep, P. A Review Article on Mucoadhesive Buccal Drug Delivery System. 	
Int. J. Pharm. Sci. Res., 2013,  4(3):916.

10. Russo, E.; Selmin, F.; Baldessari, S.; Caviglioli ,G.; Ciluzo, F.; Minghetti, P.; &  Parodhi, 
B.  A focus on mucoadhesive polymers and their applications in buccal dosage forms. J. Drug 
Delivery Sci. Technol., 2016, 32:113-125 

11. Gopinath, V.; Saravanan, S.; Al-Malekin, A.R.; Ramesh, M.; & Vedivelu, J. Review of natural 
polysaccharides for drug delivery application. Biomed. Pharmacother., 2018, (107), 96-108.

12. Barclay, T.G.; Day, C.M.; Petrovsky, N.; & Garg, S. Review of polysaccharide particle-based 
functional drug delivery. Carbohydr. Polym., 2019, (221) 94-112.

13. Shim, Y.Y.; Gui, B.; Arnison, P.G.; Wang, Y.; & Reaney, M.J.  Flaxseed (Linum usitatissi-
mum L.) bioactive compounds and peptide nomenclature: A review. Trends in fo Trends Food 
Sci Technol, 2014, 38(1):5-20.

14. Rubilar, M.; Gutierrez, C.; Verdugo, M.; Shene, C.; & Sineiro, J. Flaxseed as a source of 
functional ingredients. Soil Sci. Plant Nutr., 2010, 10(3), 373-377.

15. Prajapati, V.D.; Jani, G.K.; Moradiya, N.G.; & Randeria, N.P. Pharmaceutical applications 
of various natural gums, mucilages and their modified forms. Carbohydr. Polym., 2013, 
92(2):1685-99.

16. Goyal, A.; Sihag, M.K.; Patel, A.; & Tanwar, B. Therapeutic potential of flax seed. In thera-
peutic probiotic and unconventional foods. Academic press, 2018, 256-267.

17. Tangri, P.; & Madhav, N.V.S. Oral mucoadhesive drug delivery system. Int J Biopharma-
ceutics, 2011, 2(1): 36-46.

18. Mansuri, S.; Kesharwani, P.; Keerti, J.; Rakesh, K.T., & Jain. Mucoadhesion : A promising 
approach in drug delivery system. React. Funct. Polym., 2016, 100: 152-173.



362 Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021

19. Carvalho, C.F.; Braschi, L.M.; Evangelista, R.C.; Gremiao, M.F.D. Mucoadhesive drug de-
livery system. Braz. J. Pharm. Sci.2010, vol. 46 (1), 1-17.

20. Ahuja, M.; Singh, S.; & Kumar, A. Evaluation of carboxymethyl gellan gum as a mucoadhe-
sive. Int. J. Biol. Macromol., 2013, 53:114-121. 

21. Salamat-Miller, N.; Chittchang, M.; & Johnston, T.P. The use of mucoadhesive polymers in 
buccal drug delivery. Adv. Drug Delivery Rev., 2005, 57(11):1666-91.

22. Ahuja, A.; Khar, R.K.; & Ali, J. Muco adhesive drug delivery system. Drug Dev. Ind. 
Pharm., 1997, 23(5) 489-515.

23. Pardeshi, C.V.; Rajput, P.V.; Belgamwar, V.S.; & Tekade, A.R. Formulation, optimization 
and evaluation of spray-dried mucoadhesive microspheres as intranasal carriers for Valsartan. 
J. Microencapsulation, 2012, 29(2):103-14.

24. Silva, B.M.A.; Borges, A.F; Silva, C.; & Simoes, S. Muco adhesive oral films: The potential 
for  unmet needs. Int. J. Pharm.,2015, 494 (1)537-551.

25. Kaur, A.; & Kaur, G. Mucoadhesive buccal patches based on interpolymer complexes of 
chitosan–pectin for delivery of carvedilol. Saudi Pharm. J., 2012, 20(1):21-7.  

26. Babade, N.N.; Atran, S.C.; Wankhade, V.P.; Pande, S.D.; & Tabar, K.K. A review on buccal 
drug delivery system. Int. J. Pharm. Pharm. Sci., 2013, 3(1): 35-40.

27. Russo, E.; Selmin, F.; Baldessari, S.; Caviglioli, G.; Ciluzo, F.; Minghetti, P.; &  Parodhi, 
B. A focus on mucoadhesive polymers and their applications in buccal dosage forms. J. Drug 
Delivery Sci. Technol., 2016, 32:113-125.

28. Liu, J.; Shen, J.; Shim, Y.; Reaney, M.J.T. Characterization and solution rheology of flax 
seed gum carboxy methylation derivatives. Int. J. Food Sci. Technol., 2016, 51(2), 530-541.

29. Singh, V.; Kumar, P.; & Sanghi, R. Use of microwave irradiation in the grafting modifica-
tion of the polysaccharides-A review. Prog. Polym. Sci., 2012, 37(2): 340-364.

30. Mishra, S.; Mukul, A.; Sen, G.; & Jha, U. Microwave assisted synthesis of polyacrylamide 
grafted starch and its applicability as flocculant for water treatment. Int. J. Biol. Macromol., 
2011, 48(1) 106-111.

31. Setia, A.  Application of graft copolymerization: A revolutionary approach. Biopolymer 
grafting, 2018, 1-44.



363Acta Pharmaceutica Sciencia. Vol. 59 No. 2, 2021




